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mineral Resources of mpsore- 



Introductory. 



The following brief account, of the more important econo- 
mic minerals of Mysore has been compiled at the request of 
the Government of Mysore for a brief bulletin giving an 
account of the occurrence and distribution of the minerals of 
the State, their geological relationship, mining and metallur- 
gical treatment and possibilities of exploitation and use. It is 
intended that the bulletin shall he translated into Kanarese 
so that all classes of the community may have an opportunity 
of taking an interest in the minerals and their development. 
It has been a matter of considerable perplexity to decide what 
should be included and what omitted and every effort has been 
made to keep the bulletin as brief as possible, without omitting 
features of importance, and to avoid unnecessary technicalities. 

A special map has been prepared and included in which 
the two main rock systems, viz., the Dharwar Schists and 
the Granitic Gneisses are shown. The distribution of the 
various minerals is indicated by symbols at points where 
they have been worked recently or where old workings occur 
or where noticeable quantities have been discovered. 

For those who wish to have further information about 
the formations a geological map, on a scale of 8 miles to an 
inch, has been prepared and will be issued separately showing 
the distribution and relationships of the principal rock types 
and formations as disclosed by the Geological Survey. 

A brief bulletin (Bulletin No. G) giving an outline of the 
geological history of the State is in the press and will issue 



short)}'. This may be referred to in explanation of the map 
or in connection with geological features alluded to in the 
present publication in connection with the occurrence and 
distribution of minerals. 

With regard to metallurgical treatment it may be noted 
that the only metallurgical work in the State is the treatment 
of the gold ores ol the Kolar Field with the exception, perhaps, 
of the now practically extinct local iron-smelting and steel- 
making industry. It is not possible, therefore, to give specific 
accounts, based on actual practice and results, of the treatment of 
other ores and minerals under local conditions. The problem 
of utilizing local ores and minerals and developing metallurgi- 
cal industries is however a fascinating one and has been, from 
time to time, the subject of much discussion and attention and 
it has been thought desirable, for the information of the public, 
to give brief notes of processes, uses, etc., of such of the 
minerals as appear to provide near or remote possibilities of 
development under local conditions. Such notes, which in- 
clude in some cases provisional estimates of costs, must be 
accepted with due caution and reserve. They are based on 
experience derived from other countries in which many of the 
conditions are different and although attempts have been made 
to allow for local factors so far as they are known or can be 
foreseen it must not be forgotten that commercial success 
depends on a multitude of adjustments some of which are of 
considerable delicacy. 

It is hoped however that the notes given will be both 
interesting and useful and will help towards a clearer under- 
standing and discussion of the problems involved. 

The minerals dealt with vary greatly in quantity and 
commercial value and some are little more than specimens of 
scientific interest. They may be divided into groups as fol- 
lows : — 

I. Metalliferous minerals. — Ores of gold, silver, iron, 
manganese, chromium, copper, lead and anti- 
mony. 



3 



II. Minerals used in various industries : — 

(a) Abrasive materials. — Corundum, garnet and 

mill-stones. 
(J) "Refractory materials. — Mica, asbestos., pot- 
stone, raagnesitc, chrome-iron ore and fire 
clay. 

(c) Mineral pigments. — Red and yellow ochres. 

(d) Materials used for agriculture, chemical 

industries and food. — Including lime, apa- 
tite, pyrites, earth-salt and earth-soda. 

III. Materials for construction, etc. — Lime-kankar, lime- 

stone, brick and tile and pottery clays, kaolin, 
felspar, building and ornamental stones. 

IV. Rare minerals and minerals of limited occurrence. — 

Including monazite, eolumbite, samarskito, beryl, 
and graphite. 



1, metalliferous minerals. 
Gold. 



Gold is the most important mineral product of the 
Mysore State and in point of value the produce of the Mysore 
Gold Mines stands second amongst the minerals of the Indian 
Empire being surpassed only by coal the total value of which 
is now rather more than 1J times the value of the gold from 
the Kolar Gold Field. 

In 1914 the total value of the minerals of India for which 
returns are available amounted to about 15 crores of rupees 
(£10,000,000) out of which the gold from Mysore contributed 
Rs. 3,25,36,710 (.42,109,114) or nearly 22 per cent of the total 
value of Indian minerals. Since the commencement of 
modern mining operations in 1882 to the end of 1914 the 
total gold production of Mysore has been a little over Rs. 63 J 

m.r.m, b 2 



crores (£42,466,790) the whole of which has come from the 
Kolar Gold Field with the exception of Rs. 43,170 obtained 
how tvinl cvushings from a few outside mines. In a later 
section the yearly production ia shown in tabular form and a 
diagram is given showing the yearly progress of the principal 
mines from the commencement of operations. 

Old workings.— Gold mining is by no means a new indus- 
try in Mysore. Hundreds of old workings have been found 
and bear witness to a widely extended industry in ancient 
times. There is little historical or traditional information 
about these workings or the people who made them. Doubt- 
less some are very ancient, while others are of no great anti- 
quity and the rate of gold production must have been quite 
small. The total amount of gold obtained was no doubt 
considerable, but even this was in all probability but a fraction 
of the amount since obtained from the Kolar Mines and is 
unlikely to have exceeded a few million pounds sterling or a 
few crores of rupees. 

The distribution of the principal old workings is shown 
on the accompanying map in which the symbol for gold 
represents in most cases an old working or a group of work- 
ings. It will be seen that the workings are confined to the 
belts and patches of the Dharwar Schists and that they are 
absent from the great mass of the later intrusive granites and 
gneisses. It would lengthen this bulletin too much to give a 
detailed list of these workings, but the more important will be 
referred to in connection with their geological occurrence and 
with brief accounts of the work done in investigating them. 
Many old workings still remain as large open pits or as 
, . irregular adits, tunnels or burrows. Some 

General character. ° 

have been more or less filled in by natural 
collapse or by the washing in of debris, soil, etc., and in many 
cases the filling has been so complete that little or no indica- 
tions of old workings remain. On the Kolar Field some of 
these workings extend to a depth of 300 feet and at Hutti, in 
the Nizam's Dominions, they are said to reach a depth of some 



640 feet. The majority are however much shaJJower and 
many are mere surface excavations. D umps' o f broken^ rock 
and quartz are generally found close by and sometimes give a 
clue to the presence of the workings when the pits themselves 
have been completely tilled in and covered with soil and 
vegetation. 

Ancient workings for gold arc no doubt a valuable indi- 
v.iue of old working .5 cation of the presence of gold and of the 

indicators. _ existence, at one time, of small or large 

patches of valuable goJd ore. It is possible that, as the richer 
patches were worked out or abandoned, workings were opened 
on comparatively poor ore which would not even pay under 
modern conditions; but on the whole it is probable that most 
workings were on comparatively rich ore. The enormous 
amount of modern work which has been done on these old 
workings has proved conclusively that in the majority of 
instances the) 7 do not indicate the existence of valuable depo- 
sits immediately beneath them. The mines on the Champion 
Lode at Kolar, the Hutti Mine in the Nizam's Dominion and 
one or two mines on the Anantapur Field arc exceptions which 
prove the rule out of a large number of workings below which 
the absence of valuable deposits has been practically ascer- 
tained. The old workings on the Champion Lode at Kolar 
followed each other in close succession for four or five miles 
along a well-defined line and were excavated on a number of 
rich shoots in the quartz vein, or succession of veins, which 
carry the gold. The shoots are sufficiently large or sufficiently 
numerous to permit of new ones being searched for and opened 
up before the earlier found ones are exhausted and the fact 
that they are mostly distributed along a nearly continuous 
vein of quartz or lode matter facilitates and directs the search. 
The numerous old workings along a line at surface is an indi- 
cation of these favourable conditions. Elsewhere in the Kolar 
Gold Field and in other parts of Mysore these conditions do 
not exist to anything like the same extent, but hundreds of 
old workings exist which are isolated or in irregular groups and 



which indicate the former existence of small isolated lenses or 
shoots of rich ore, or rich pockets in low grade zones or super- 
ficial accumulations of the weathered, and possibly enriched, 
debris of low grade veins or lode matter. The sanguine hopes 
which have been entertained about these workings, many of 
which are of considerable size and depth, have not been real- 
ized notwithstanding the large amount of work and money 
expended. The amount of money expended on the prospect- 
ing oi these old workings in Mysore— outside of the Kolar Gold 
Field — is in the neighbourhood of 30 to 40 lakhs of rupees 
and so far not a single paying mine has been discovered. 

Numerous quartz veins traverse the schists and many 
of them outcrop at surface. Some of 

Quartz outcrops value- *■ 

Ie99, these outcrops are close to old workings 

and in the early days of prospecting were regarded as valuable 
indications of gold. Since then a large number of these out- 
crops have been tested and in many places trenches and shafts 
have opened them up and have demonstrated their valueless 
character. Occasionally assays of a few dwts. have been 
obtained and in two instances in the neighbourhood of Kudri- 
koncla small outcrops of quartz have been found recently from 
which assays of some ounces per ton were obtained. We may 
Lake it as an almost universal rule that outcropping veins are 
valueless. The systematic search for gold by the ancient 
workers as revealed by old workings has resulted in the almost 
complete removal of outcrops carrying valuable amounts of 
gold and in the majority of cases these shoots or pockets have 
been completely cleaned out. There is no doubt that other 
shoots, lenses and pockets occur at varying depths below 
surface and give no surface indications of their existence. 
Many of these have been opened up in the course of deep 
prospecting, but with the exception of those on the Kolar 
Field all have proved to be small and erratically distributed 
rendering the cost of prospecting and mining greater than the 
value of the gold recoverable. 

These conditions render the work of the prospector 



difficult and very expensive, and the results obtained so far 
are most discouraging and disappointing. There are a few 
points at which further work is expected to be carried on after 
the war and it is possible that some zones of low grade lode 
matter may be found of sufficient extent and under sufficiently 
favourable conditions for cheap treatment to permit of their 
being worked, but we cannot shut our eyes to the fact that 
the hopes based on the success of the Kolar Mines and on the 
existence of numerous old workings in other parts of the 
State have dwindled very seriously with the progress of survey 
work und deep prospecting. 

A very brief account of the distribution of the gold in the 
various geological formations and of the results of modern 
prospecting work at the more important points will now be 
given. A brief account of the formations will be found in 
Bulletin No. (3 and they will not be described in any 
detail here. Further details of the work done will be found 
in the Reports of the Chief Inspector of Mines and in the 
Records of the Geological Department the summarized con- 
tents of which will be found at the end of this Bulletin. 

The older known workings have been described by Bruce 
Foote in his "Auriferous Tracts in Mysore" (1887), extracts 
from which will be found in Rice's Gazetteer of Mysore, 
Volume I, 1897. At the time that the Kolar Gold Field was 
beginning to attract attention leases were taken out over the 
majority of these old workings, but the work done failed to 
yield promising results and there was a lull in prospecting 
work. Subsequently, as the results of the work of the Geolo- 
gical Survey, many old workings, not hitherto known, were 
discovered and for the past ten or twelve years there has been 
a considerable renewal of activity the results of which have 
been, so far, disappointing on the whole. 

GEOLOGICAL OCCURRENCE OF GOLD. 

The gold occurs chiefly in quartz veins and lenses in the 
Dharwar Schists both in the lower division consisting of dark 



hornblendic schists and amphibohtes and in the upper division 
consisting of greenstones, chlorite schists, calc-chlorite and 
talcose schists. The former are the most important and in- 
clude all the mines of the Kolar Field and the Hutti Mine in 
the Nizam's Dominions which are the principal producers in 
India. As the two divisions of the schists are not differenti- 
ated in the accompanying map the various old workings and 
places where gold has been found or worked are distinguished 
by different symbols according to whether they lie in the 
lower or the upper division. The auriferous veins of the Kolar 
Field are mainly of a dark bluish or grey colour, but the colour 
varies greatly and is often nearly white. On this account 
dark blue veins are usually regarded by prospectors as a 
favourable indication of gold, but this is by no means a satis- 
factory guide. Veins of very dark quartz occur in both the 
hornblcndic and chloritic rocks and commonly carry no gold. 
On the other hand many small rich lenses and stringers of 
white quartz have been found during prospecting work 
especially in the chloritic schists. In the Dharwar (Gadag) 
Field which lies on the northern extension of the Chitaldrug 
belt practically all of the old workings are in white quartz 
veins in the chloritic. series and the same is believed to be the 
case on the Anantapur Field. On the other hand the auri- 
ferous veins of Kolar and Hutti are of the dark blue variety 
and lie in the dark hornblcndic rocks. 

On the whole it is probably a fair generalization to say 
that the auriferous veins of the lower (hornblendic series) are 
usually dark, while those of the upper (chloritic) series are 
usually white or nearly so. In addition there are other veins 
of dark quartz in both series which are barren and are pro- 
bably of a different age to the auriferous ones and there are 
numerous and very conspicuous veins of white quartz in both 
series and in the gneiss which are also barren and are probably 
of later age than the auriferous veins as a whole, 

Maclaren (') has noted the above distinction between the 



HNotuN on borne Auriferous Tracts iu Southern India, By T. Malcolm Mao 
laren, b.bc, y.a.s., Record*, Geological Survey of India, Volume XXJUV, Part 2. 
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auriferous veins of the chloritic and hornblendic rocks and 
suggests that those of the hornblendic scries are much older 
than those of the chloritic series which latter he conceives to 
be associated with the great igneous activity represented by the 
numerous dolerite dykes which traverse the schists and gneis- 
ses and therefore of post-archa^an age. We are unable to 
agree with this latter suggestion. It may be true that the 
dark veins in the hornblendic rocks are older and more crushed 
than the white veins of the chloritic series, but even this is 
by no means certain. The degree of crushing is locally very 
variable in both cases and some of the white veins show con- 
siderable signs of crushing and movement and appear to be 
older than many of the barren veins of quartz and pegmatite 
which occur in the schists and gneisses and which are intruded 
by the dolerite dykes. The latter show no signs of crushing 
or movement whatever. It must be remembered that Maclarcn 
regarded the schists as laid down on, and later than, the funda- 
mental gneiss and was therefore debarred irom regarding the 
latter as a source of the quartz and gold. We take the oppo- 
site view as explained in the following section. 

ASSOCIATION OF AUEIFKBOVS VEINS WITH ACID INTTUISIVES. 

In Mysore the evidence that the fundamental gneiss — or as 
we now prefer to call it the Peninsular gneiss — is younger than 
the Dharwar Schists is so strong that it may now be regarded 
as established. Further, we have shown that there is a limited 
gneissic series — the Champion gneiss — which is older than the 
Peninsular gneiss but still younger than the Dharwar Schists 
and we regard this Champion gneiss as responsible for the 
auriferous veins — at any rate for those of the Kolar Field. For 
this reason the main exposures of the Champion gneiss and 
its associates have been shown on the map although there may 
be considerable doubt about the correlation of several of the 
patches shown. Briefly this old gneiss is a complex of various 
granites, micro-granites, aplites and pegmatites usually highly 
crushed and often characterised by blebs of a milky to dark 
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blue quartz. It tends to pass into finer forms of felsite and 
quartz-porphyry and isolated exposures of these finer forms as 
well as some alaskites and finely granular or crushed quartzites 
arc provisionally correlated with it. 

The auriferous veins of the Kolar Field are intrusive into 
the schists and produce contact metamorphic effects which are 
strikingly similar to those produced by the gneisses, granites 
and pegmatites ( l ) and strongly support the view that the 
auriferous veins are igneous in origin and to be regarded as 
one of the end-products of a granitic intrusion. Tongues of 
micro-granite which are regarded as belonging to the Cham- 
pion gneiss come into the Mysore Mine in close proximity to 
the Champion Lode and the quartz of the latter has been 
observed to penetrate these tongues. 

On the other hand the great mass of the Peninsular gneiss 
cuts off both the auriferous schists and the Champion gneiss 
while the pegmatite veins and cross-courses which cut the 
Champion Lode are probably products of the intrusion of the 
Peninsular gneiss. The auriferous veins of Kolar appear there- 
fore to be subsequent to the Champion gneiss and prior to the 
Peninsular gneiss (or some of it) and in seeking a granitic 
origin for the gold bearing veins the Champion gneiss appears 
to offer a handy and suitable source. 

Whether we can accept a similar source for the white 
veins of the chloritic series— the differences in colour, form and 
degree of crushing being due to the nature of the enclosing 
rock— is debatable, but it may be noted that recent survey work 
has been extending our knowledge of the Champion gneiss and 
that intrusions of it or its associates are now considered to 
exist in the neighbourhood of the Honnali Field and of the 
great scries of old workings extending from Honnegudda round 
the south of the Tarikere gneiss to Nandi and across the valley 
to Ajjampur. In connection with this some work done by 
Mr. Bosworth Smith daring the past two years on the 

f 1 ) The occurrence of Secondary Augitc in the Kolar Schists. By W. F, Smeoth, 
M.A., D.sc, etc., Mysore Geological Department, Bulletin No, 3, 
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Honnali Field is of great interest. Gold is widely spread in the 
soil and nullas of that area and examination of a large number 
of washings led Mr. Bosworth Smith to the conclusion that it 
was not uniformly distributed but tended to come from certain 
lines or zones where acid intrusives occurred in the chloritic 
schists and greenstones. These acid intrusives have been con- 
sidered by us as probably belonging to the Champion gneiss 
without our being aware of Mr. Bosworth Smith's conclusions 
or he of our views and the evidence from the two points of 
view is independent. No results have been obtained yet but the 
work will be continued after the war and may prove interesting, 
not perhaps in the way of disclosing rich ore in any quantity, 
but possibly in the way of discovering some zones of low grade 
auriferous lode matter which would permit of cheap working, 
There is however ample opportunity for the occurrence of 
later quartz veins of granitic origin in connection with the 
intrusions of the various components of the later Peninsular 
gneiss, to say nothing of possible later or earlier acid relatives 
of the ultrabasic or other intrusives of the archayan period. 

OTIIEE OCCUKKENCES OF GOLD. 

In addition to the usual quartz veins in the schists we 
may refer briefly to various cases in which either the lode 
material or the enclosing rock presents sonic special features. 

At Bellara in the Tumkur District the old workings and 
auriferous veins occur in a large mass of 

Veins in Trap, 

trap (hornblende diabase) which is con- 
sidered to be intrusive into the chloritic series. 

At Honmaradi in the north of the Chitalrlrug District old 
workings occur in a grey chloritic trap which has been grouped 
with the Bellara trap under the name 'Grej/JTrap/ though it 
is doubtful whether the former does not belong to the green- 
stones of the upper division of the Dharwars. 

At several places old workings occur in the potstone or 
talc schists which are altered amphibo- 

Old workings In PotMone. 

htes and pendotites intrusive into both 
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the upper and lower Dharwars. Amongst these may be men- 
tioned those at GhornadihalH near Sakrebail, some of the 
workings at Jatagargnndi and a number of workings on the 
Dcvrukal block near YedahaJli. There is some doubt about 
these being gold workings and definite auriferous veins have 
not been found. 

The great series of banded ferruginous quartzites has 
been found to carry a little gold in places 

Gold in Ferruginous am l a DU1U ber of small old Workings 

Qunrtzite. o 

occur along the ridges of these rocks on 
the western edge of the Kolar Schist belt. These old work- 
ings have not been shown on the map as they are not impor- 
tant. Traces of gold may be obtained by sampling and 
panning but too small to be worth attention. Veins of 
bluish quartz occur in the rock and sometimes carry a 
little gold, but the gold appeals to occur also in the banded 
quartzitc itself. 

Amongst other places which have been examined the fol- 
lowing may be mentioned ; — = 

Shaw's Block; just north of the Kolar-Betmangalam 
road where three runs of ferruginous quartzite belonging to 
the western side of the Kolar schists were closely prospected 
with occasional results up to 10 dwts. 

Dhidioura; about 12 miles north of Bcllara where there 
are some old workings on two runs of this rock which gave 
from traces up to a few dwts. 

AjjankalU ; some five or six miles east of Dindivara where 
a mixed series of ferruginous quartzites and veined chloritic 
schists gave results up to some 8 dwts. A trial crushing of 
200 tons of an average assay value of 3'69 dwts. was made at 
Kolar and gave an extraction of 146 dwts, per ton by amal 
ganiation. 

Bodimaradt ; about 7 miles N.-W. of Marikanave. This 
is perhaps hardly a case in point as the old working is in soft 
ferruginous ochres between two runs of ferruginous quartzite. 
Prospecting work showed some small irregular veins of quartz 
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which gave some good assays and parts of the ferruginous 
country itself gave 3 to 4 dwts. in patches. 

Attention has been called to the occurrence of gold in these 
ferruginous rocks because there is the possibility that somewhere 
a sufficiently large mass of auriferous lode matter might be 
discovered which would pay to work even though the average 
value did not exceed some 8 to 5 dwts. per torn The nearest 
approach to this is the result obtained at Ajjanhalli which was 
not considered good enough to justify further expenditure. 

As an illustration of what can be done the case of the 
Wanderer Mine in Rhodesia may be quoted. "Rhodesia is 
very similar, geologically, to Mysore, and at the Wanderer 
there are very large ore-bodies composed partly of these 
ferruginous quartzites and schists and partly of various 
talc-chlorite-calc schists associated with conglomeratic material 
which is probably a crush breccia. 

Parts of the ore body were 150 feet wide at surface and 
very cheap open working was possible. Subsequently under- 
ground work has been carried on on lode matter GO to 70 feet 
in width and mining costs are still very low. The metallur- 
gical treatment is also exceptionally simple and consists of 
breaking, coarse crushing by rolls and direct cyanide treat- 
ment of the product. Assays up to 10 dwts. are sometimes 
obtained, but the average value of the lode is said to be from 
3 to 4 dwts. (Rs, 9 to 12) per ton and the working costs (min- 
ing, crushing and cyaniding) a little over Rs. 5 ((i.s\ 9c/.) per 
ton. Allowing for other charges the work can be carried on 
at a small profit. Tn this case we have a very large body of 
low grade ore which can be mined cheaply and treated very 
simply on a large scale, and although we have not yet realized 
these conditions in Mysore the fact that similar classes of 
material exist leads one to hope that they may yet be found 
on a big enough scale to justify work. 

In the hornblende schists on the south side of the Eaba- 
aoid i„ conglomerate budans north of Chikmagalur there are 

end Q uart zlte. Jong beds Qr ^^ Qf quQjV tzit6 which 
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we regard as probably intrusive veins or sills. The bottom 
bed close to the disturbed and faulted junction with the in- 
trusive granite and gneiss has bands of pebbles which may 
represent zones of crush-breccia. The matrix of the pebbles 
contains pyrites and is often stained green by copper. Pan- 
ning showed some gold and a sample of one of the pebbly 
layers gave an assay of 2 dwts. The extensive exposures and 
gentle dips as well as the similarity of pebbly portions to such 
auriferous material as the banket of the Transvaal suggested 
the desirability of further investigation as even a comparatively 
low grade material would be worth working under these con- 
ditions. Large samples were broken from both the pebbly 
and quartzitc bands over several miles of outcrops and a large 
number of assays made which unfortunately gave no encour- 
aging results. Practically all gave traces of gold and many 
gave traces of copper also but in no case did the gold amount 
to I dwt. per ton. 

Old workings occur in quartzitc at Nandi south of Tari- 
kere and in the highly quartzose chloritic schists at Ajjampur 
and appear to have been sunk on pipes, pockets or impregna- 
tions carrying gold of which no extensions have been found. 
Below the deepest old working at Ajjampur veins of dark blue 
quartz were found which carried no gold but occasional good 
assays were obtained from the highly quartzose schists them- 
selves. 

At Jalagargundi, at a depth of 200 feet an ore body has 
been opened up which might be regarded as a banded quartzite 
or quartz-schist carrying ealcite, and much pyrites, the band- 
ing being marked by brown ferruginous dust. The gold is 
mostly free and the lode is adjacent to and penetrated by 
white vein quartz which is barren. The prospects of further 
work will be referred to later. 

There are a few minor old workings in the Champion 
„ lAt ,, gneiss itself on the east side of the Kolar 

Gold In acid intrusives. ° 

Field. At Ahmed's Block near Ooregum 
a shaft in the gneiss showed a small quartz vein 6 inches 
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thick, but pinching to a stringer at a depth of 55 feet, which 
gave nearly 4 dwts. per ton. 

On the South Amble Block, S.-W. of Nanjangud some of 
the patches of schist held veins of alaskite or pegmatite from 
which occasional assays up to several dwts. were obtained. 

At Kudrihonda one at least of the old workings appears 
to have been sunk on or alongside of quartz-porphyry which 
probably contained a small pocket or shoot of gold though the 
trial shaft sunk many years ago is believed to have given no 
results of value. 

These cases are quoted in view of the fact that we have 
been led to associate many of the felsites, quartz-porphyries 
and alaskites with the old Champion gneiss the connection of 
which with the auriferous veins of KoLar has been referred to 
already. 

On the other hand we have no evidence that the great 
mass of the Peninsular gneiss is auriferous nor have old work- 
ings been found in it though some, occur in mixed bands of 
gneiss and schist. We cannot however say that some of the 
auriferous veins and lenses in the schists may not be end-pro- 
ducts of some components of the Peninsular gneiss and it is 
probable on the whole that the auriferous veins arc not all 
of one age. 

Gold is widely distributed in the soils on the various 
schists or derived from them and in the 
alluvial materials along water-courses 
and river valleys which traverse the schists. Washing has 
been carried on in the past by native Jalagars or gold-washers 
but very few of these remain and their earnings are very 
small and uncertain. They seldom make more than a few 
annas a day with an occasional lucky find. A few years ago a 
Lambani found a nugget weighing nearly 4i ozs. somewhere 
about Kudrikonda or Palavanhalli, but no further finds have 
been made although a good deal of washing and prospecting 
has been done in the neighbourhood. Very occasional results 
of a few dwts. have been obtained; but on any considerable 
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scale the results fall within a few grains per cubic yard and 
the scarcity of water renders the prospects of work practically 
hopeless. 

Some years ago a series of trial pits and washings were 
made in the alluvium in the bend of the Bhadra river 
immediately south of the great series of old workings at Honne- 
hatfci. There were rumours of good gold having been found 
there years before and a good deal of gold must have been 
weathered out and washed away from the surface deposits 
on which the old workings were made- The trials were a 
complete failure, very occasional small shows of gold being 
obtained. 

More recently an extended series of tests have been made 
by the department; on the alluvium in and near the bed of 
the Tungabhadra river, where it crosses the auriferous schists 
between Shimoga and Honnali. Previous work had shown 
that gold was distributed in the soil and along small water- 
courses and the fact of a large supply of water being available 
rendered a further investigation desirable. 

A couple of washing cradles were made and a large 
number of pits and trenches dug both in the gravels of the 
river bed and in the alluvium and soil some distance from the 
banks. Large samples of from one to six cubic yards each 
were washed and all showed gold, but the quantity was small 
in every case. An average of all the tests made gives a result 
which does not exceed 1 grain per cubic yard and the best 
result obtained was only 3J grains per cubic yard. These 
results are too low to hold out any prospect of profitable 
working. In the case of the 3£ grains test, the results would 
be worth following up if the character of the deposit was 
favourable, but unfortunately this is not the case as the gold 
occurs in a hard gravel about 1 foot thick fringing the bed of 
the river and if it extends laterally beneath the river bank some 
10 feet or so of hard clay overburden would have to be remov- 
ed to get at it. Under these circumstances the prospects 
of work on a large scale cannot be regarded as encouraging 
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though it is difficult to understand why the gold should 
not occur in more highly concentrated patches of workable 
extent. Similar results have been obtained elsewhere in 
India and it has been suggested that the seasonal alternations 
of heavy rainfall and flood with long spells of dry weather are 
not favourable to the sorting out and collection of the gold 
in alluvial deposits for which the more or less regular and 
long-continued action of running water would appear to be 
essential. 

In the foregoing notes we have endeavoured to sum- 
marize very briefly the information acquired so far about the 
gold of Mysore, the nature of the veins or other lode material 
which carry the gold and the various formations with which 
they are associated. 

In the next section we propose to refer briefly to the 
more important work done at various points, the character of 
the work and prospects. 



MJl.M", 
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MINING AND PROSPECTING WORK. 

KOLATl GOLD FIELD. 

It is not possible to attempt any systematic account of 
the Kolar Mines within the limits of this pamphlet. A general 
account of the mines and their working, up to the year 1900, 
has been given by Dr. V. B\ Hatch (') ; and a few more uecent 
notes and figures will be added here. 

The main Champion Lode runs almost continuously 
through the Mysore, Champion Reef, Ooregum and Nundy- 
droog Mines. In places the quartz has been 30-40 feet wide 
but the average of the parts worked is probably between 8 
and 4 feet, while in places the lode is represented by mere 
stringers or veined schists or a mere parting of altered schist 
or lode matter. The quartz sometimes branches and in several 
places there arc 1 , one or occasionally two parallel veins from 
which a good deal of ore has been obtained. The veins strike 
more or less north and south, but in Mysore there are marked 
curvatures. The dip, or inclination from the horizontal, of 
the veins is to the west and is least in the Mysore Mine, 
where it is about <15 ;> , and increases as we go northwards to 
over 00°. These figures refer to the upper portions of the 
mines, down to a depth of 8,000 feet or so, but in recent years 
the veins have shown a general tendency to get steeper with 
increasing depth bo that at 4,000 to 5,000 feet on the underlie 
we get dips of 50°- 5 5° in Mysore and of well over 70° in 
Champion Reef and Ooregum. There are a few large zig-zags 
which are usually called ''folds" though it is probable that 
they do not represent the actual folding of a once plane sheet 



(>) The Kolar Gold Field, being a description of Quartz Mining and Gold- 
recovery as practiced in India, By F. H. Hatch, ph.o., a.w.i.c.k., F.a.a., Memoirs 
of the Geological Survey of India., Vol, XXXIII, Pt. 1. 
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or vein of quartz and are more likely due to the filling in of 
zig-zag or branching fissures or dislocations. 

The most important feature is the occurrence of the 
more valuable portions of the veins in patches or shoots with 
intervening areas of poor quartz or lode matter, and the suc- 
cess of the Kolar Gold Field is due to the fact that these 
shoots are of considerable size and value and sufficiently 
numerous to permit of new discoveries being made before the 
old ones are exhausted. The steady progress of the mines is 
due not to uniformity in the veins, as the distribution of the 
gold is very uneven, but to the very extensive exploratory 
work which is carried on far below the points where ore is 
being extracted and which permits of work being planned 
several years ahead of tbe milling requirements. 

In addition to these features the existence of slides or 
faults cutting the veins has received much attention in recent 
years, particularly in Mysore and Champion Reef. The great 
blank in the Mysore Mine between the Ribblesdale and 
Tennant Sections is due to a, great slide slightly oblique to the 
lode and complicated by others more oblique and it seems 
probable that the great Crocker's shoot was terminated at its 
northern end by these slides and not by the natural dwindling 
of the shoot. 

The Field has already yielded gold to the value of nearly 
£'44,000,000 sterling and the nett annual 

Life of the Kolar Field. ' ' to 

return to the State from royalties and 
the sale of electric power and water is in the neighbourhood 
of 30 lakhs of rupees while the yearly wages bill is over 80 
lakhs. The question of the continuance of such an important 
industry is a serious one which is often raised, but anything 
in the shape of a very definite pronouncement is out of the 
question. 

The auriferous veins lie in a narrow belt of hornblende 
schists, of about three miles in width, which is cut off on both 
sides and below by a later intrusive gneiss. The auriferous 
veins are believed to be older than the gneiss and will 

M.tt.M, c 2 
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therefore be cut off along with the schists at some depth below 
surface. This depth represents the ultimate limit of the Kolar 
Gold Field and we see no reason to apprehend that it will be 
less than some J. 0,000 to 15,000 feet from surface and perhaps 
more. The out out ma\ of course occur closer to surface, but 
the above figures are reasonably probable and we need not 
hunt trouble. The mines have now got down to a depth of 
rather over 5,000 feet on the inclination of the veins or to a 
maximum verticle depth of some 4,900 feet from surface. 
This has taken over 30 years and, if we assume a downward 
development of 200 feet per annum, we shall have reached a 
vertical depth of about 8,000 feet in twenty years which is well 
within the ultimate limit suggested above. It is not impro- 
bable that with a low temperature, gradient and efficient venti- 
lation mining can be carried down to 8,000 feet and we need 
not speculate about greater depths ; but it may be noted that 
down to this depth the whole of the ore will not be worked 
out in twenty years and that the total period of work will be 
more probably thirty years. We are assuming, however, that 
not only do the veins continue, but that the auriferous portions 
of them or the "shoots" continue to occur with sufficient 
frequency and of sufficient size to keep up the returns. No 
one can foresee if this will be so, but, while we see no reason 
to apprehend any systematic diminution for many years, it 
would be sound to contemplate reduction of output in the 
later years. 

The problem of the continuance of the Kolar Gold Field 
is obviously a speculative one and in mining work the more 
unfavourable contingencies are wont to occur with undue 
frequency, bat we do not see any inherent improbability in 
assuming that the Kolar Gold Field will continue for another 
twenty to thirty years, at least, with a probable diminution of 
output in the later years. 

In the following tabular statements the yearly output of 
gold from the Kolar Field is shown from 

Statistics of production, ■ ., P , * . ,, 

the commencement ot operations to the 
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end of 1914. Small amounts obtained from trial crushings at 
other mines arc also shown. 



Taiujs 1.= — Gold Production and Royally 

\ 



Year 



1882 
1883 
1884 
1885 
1886 
18H7 

iaas 

1880 

iano 

1H9JL 

iHna 
laot 

J TO 
1890 
1H97 
1898 
1800 
1900 
J 901 
1902 
1903 
190i 
1905 
1906 
1907 
1908 



KoUr (iold 
Field ,C St^. 

38 

% 

4,430 

23.9H9 
03,027 
07,02H 
128,879 
298,801 
400,449 
504,321 
622,1 GO 
784,8-12 ] 
795,1,% 
973,010 

1,228,665 

i 
1,487,1'IC 

I 
1,575,966 

1,678,464 

1,879,086 

1,923,130 

I 

1,964,509 

I 

2,281,071, 

2,328,105 

I 
2,373/1.58 

2,167,637 

2,040,001 | 

2,055,837 



Other Mines 



■J 39 
871 



77 



370 
02 



321 

206 
66 



ToUl 
£ Stg. 



38 

535 

. J. 762 

21, 860 

63,027 

57,028 

128,879 

298,861 

400,520 

501,324 

622,159 

7hJ,S42 

795,156 

973,610 

1,220,044 

1,487,232 

1,575,966 

1,078,404 

1 ,879,086 

1,923,130 

1,964,509 

2/284,071 

2,320,195 

2,373,458 

2,167,961 

2,040,370 

2,055,953 



Royalty 

Rup«ea 



330 

3,510 

18,465 

46,785 

42,255 

95,880 

2,22,705 

3,04,620 

3,75,150 

4,62,660 

5,82,810 

5,00,430 

7.23,240 

9,12,1)30 

11,00,790 

11,70,135 

12,47,310 

13,09,980 

14,28,780 

14,56,810 

16,07,085 

17,26,200 

17,56,2-15 

16,11,390 

14,06,025 

15,21,660 
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Table 1 — concld. 



Year 


Kolar Gold 
Field & Stg. 

2,092,-159 
2,307,749 
2,129,879 
2,158,1162 
2,150,195 
2,J69 T 1H 


Other Mines 
£. Stg. 


Total 
.C gig. 


Royalty 
Rupees 


1909 
19W 
1911 
1912 
1913 
1914 


92 

1 


2,092,551 
2,107,749 
2,129,87a 
2,158,362 
2,150,195 
2,169,114 


15,49,470 
17,67,0-15 
18,58,845 
16,85,^5 
18,78,870 
18,69,490 


Total 


42,4G3,912 | 


2,676 42,466,790 


3,28,11,555 



A statement showing the total production from each mine 
is also given and from the ' Remarks' column it will be seen 
that most of the Jess productive mines, which have ceased 
independent work, have been incorporated with the present 
working Companies. 

TABLE 2 — Total (/old Production of Mines in Mysore, 
to end of WU. 



Name of Mine 



Bar gold 

O'Z. 



Value 
t Stg 



Remarks 



A — Kolar Gold Field — Minus fljpjjroxiuLiatiOy in order from north in south. 
1,996 7,70Li 



Boad .Block 
Nine Beefs 



2I,ao7 



Balnghat 


■l;io,28;j 


j,fij2,3ai 


The Gold Fields of j 


9/196 


y;J,H2H 


Mysore. (' Col- 
con da ' and ' West 
Bullish at' feluioa). 






Coromandel ... 


52.910 


195,701 


T»uk Block 


117,757 


122,870 


Oriental ... 


925 


^,520 


Nuuydroo^ ... i 
Ooivgum ... , 
Mysore ... 

Champion Beefs ... 
Southeast Mysore 


1,-191,058 
1,91 J, 077 
,1,102,592 
;J,0.U,G7-J 

'111 1 


5/779,886 

v,006,6S6 

10,192,710 

11,292,209 

1,30,5 



Mysore: Beefs. 



Yerrakouda 



Total 



699 



192 



Produced e;old during 1898-1901. 

Included iu the, Balftgluit. Block 

I since J 910. 

92,356 Produced -old during 1887-1890 

. and 1894 1902. Now included 

in the Baht^hat Block since 

1910. 



I Ce^svd producing gold in 1909. 
I The Company however U in 
I existence. 



; 1 ' rod u e.e d y t o Id during 1 895 ] 907 . 

i Now included in the Balu^hfit 

! Bloc: It :.ineel!)I0. 

' Produced tfold during 1S9;M910. 

I The block is included in the 

j NundydrooL( liiock. 
Produced jjfuld iu the years 1001 
and 190-1 only. Now included 
in the NundydroOu and Oorc- 
gum Blocks since 1910. 



Originally part of Simons Block 
known as Rodger's Camp, 
Now part o£ the Mvhovc Block. 
! Produced irolcl during 1HH8-1890. 
2 % '16H I Yem's of ^old production were 
1889-1891. Now staled 'South 
Mysore' and is held bv the 
Mysore Gold Mining Co, (1910). 
603 Produced gold in 1891-1896. The, 
lea we is current and is held hy 
the Indian MilHSfl Development 
Syndicate. 



11,251,-157 



42,463,912 
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Tablk 2 — concld* 



Name of Mine 



Bar gold 
oz. 



Value 

£ Stg. 



Kemarks 



B— Minos outside the Kolar Field. 



Ajjanhalli (Sira 
'Taluk) 


18 


6G 


Trial crushings in 1908. Aban- 
doned. 


MyBore HarauhalU 
'Gold Mine 


25 


77 


Trial crushiugs in 1890. Aban- 
doned. 


Kempinkote, Hassan 
District 


46 


lfvl 


Trial crushings in 1896. Aban- 
doned. 


Woollagiri Block, 
Naniangnd Gold 
Field... 


203 


C22 


Produced gold during 1906=1909. 
Abandoned. 


Houuali Gold Min- 
ing Co. 


028 


1,642 


Produced gold during 1H83-1885. 
Abandoned. 


Honnali Tribute 
Syndicate 


100 


307 


Produced gold 1896-1897. Aban- 
doned. 


Total 


919 


2,878 




Grand Total 


11,255,376 


42,46(3.790 
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A diagram is furnished which shows at a glance the 
progress of the principal producing mines and of the Kolar 
Field as a whole. For convenience of space the curve of 
total production is drawn on half the scale used for the 
individual mines. 

For a general account of the methods of mining refer- 
ence may be made to Hatch's Memoir 
already cited. As the mines have got 
deeper, the incline shafts, which followed the trend of the 
veins downwards, have reached the limits at which it is safe 
or convenient to use them for hoisting ore for the transport of 
men and materials. The deepest of these is Carmichael's 
Shaft, Champion Reef, which is 4,700 feet long. To facilitate 
work in the deeper levels several vertical shafts have been 
sunk during the past ten years or so to the west of the outcrop 
of the lode, of winch the principal are the following : — 

Edgar's Shaft, Mysore Mine. A circular brick-lined 

shaft which intersects the lode at a vertical 

depth of 2,000 feet. 

Gitffurd- s Shaft, Champion Reef. Also circular and 

brick-lined. It is 8,800 feet deep and now 

practically ready for use. The lode, which has 

got steeper lies a little to the east of the bottom. 

Bull en's Shaft, Ooregum. A rectangular, timbered 

shaft completed in 1910 to a depth of 3,760 

feet. Passed through the lode near the bottom. 

Preparations are now being made for continuing work to 

a much greater depth to provide for which the following shafts 

have been started recently, all of which will be circular and 

brick-lined. 

MacTaggart's, at the southern end of the Mysore 

Mine. 
Edgar's, Mysore Mine, which is now being deepened 

to 4,000 feet. 
New vertical, Ooregum. 
New vertical, Nundydroog. 
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These shafts will all be about 4,000 feet deep and take 
some six ()]■ seven years to complete. From near the bottom of 
each, secondary shafts will then be sunk from 4,000 to 7,000 
feet or more. The working at these depths will naturally be 
very hot and much artificial ventilation will be needed. There 
is no reason to think that work cannot be carried on in these 
mines to a depth of 7,000 feet or more, and as already pointed 
out, we sec no reason to apprehend any serious failure of the 
auriferous shoots. 

More detailed notes on the treatment of the ore for 
extraction of the gold will be found in 

Metallurgical treatment. 

Hatch's Memoir (Op. clt) and in the 
Reports of the Chief Inspector of Mines in Mysore for the 
years 1903-04 and 1911-12. 

The practice now followed may be summarized very 
briefly as follows : — 

Sorting and breaking. — The ore is raised to surface and 
screened to separate the fines from the larger lumps. The 
latter are crushed in rock breakers to the size of road metal 
and any pieces of waste rock picked out and discarded. 
About 18 per cent of the total ore raised is thus rejected. 

The ore (fines and coarse) then goes to the stamp mills 
where it is pounded with water to a fine sand. The fine sand 
and water is forced by the splash of the stamps through wire 
screens (900-1200 holes to the square inch) and flows over 
sloping tables covered with sheet copper on which mercury is 
spread in a thin layer. The fine particles of gold adhere to 
the mercury and form with it an amalgam of gold and mer- 
cury. The amalgam is scraped from the plates at regular 
intervals and folded up in a piece of wash-leather in which it 
is subjected to squeezing. During this squeezing the excess 
of mercury is forced out through the pores of the leather leav- 
ing a hard ball of amalgam inside which contains 40-50 per 
cent of gold. The balls of amalgam are heated in retorts and 
this drives off the remaining mercury, leaving a porous mass 
of 'sponge' gold behind. The sponge gold is melted in 
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crucibles and poured into moulds thus forming 'bar' gold 
which is sent to England and refined to get rid of impurities. 

Cyanide treatment.— The greater part of the gold is re- 
moved by the amalgamating tables, but the fine sands (or tail- 
ings as they arc called) flowing from the tables still contain 
some gold (about 3 dwts. per ton) which has not been caught 
by the mercury. The sands are therefore treated with cya- 
nide of potassium which dissolves the gold; and the gold, or 
most of it, is recovered from the solution. 

The treatment as practiced at present may be roughly 
outlined as follows: — 

The tailings from the stamp mill are put through a 
series of hydraulic separators and classifiers by means of 
which they arc divided into three grades according to fineness, 
viz\ — 

(1) Impalpably fine slimes; 

(2) Fine sand; 

(3) Coarse sand. 

The coarse sand is put through revolving tube-mills 
which grind it finer after which it goes back to the separator 
where it is divided into slimes and fine sands. The process of 
separation and classification is a continuous one and the final 
result is that the tailings are divided into two portions one of 
which is "fine sand" and the other "slimes" which are 
treated in separate plants. 

Fines and treatment. — The fine sand is placed in large 
vats each holding one or two hundred tons. The bottom of 
the vat is formed of canvas filter cloth suitably supported. 
When the vat is full of sand, cyanide solution is poured in and 
allowed to stand. The gold is gradually dissolved and when 
this is complete the solution is drawn off through the filter 
bottom and water run in to wash out all the gold solution 
from the sand. The sand is removed from the vat and 
thrown on the waste dumps. 

The gold-bearing solutions are passed through long boxes 
in which there are a number of compartments filled with zinc 



28 

shavings. The zinc causes the gold to precipitate from the 
solution in the form of a black powder, and zinc goes into 
solution in place of it. The black powder mixed with rem- 
nants of zinc shavings is removed from time to time, treated 
with acid to dissolve most of the remaining zinc and melted 
in crucibles with some fluxes. The molten gold is poured 
into moulds forming bars or bricks of cyanide bar-gold which 
is also sent to England to bo refined. 

Slimes treatment. — The special plants for treatment oi 
slimes have been installed within the last couple of years. 
The slimes are so fine that the solutions could not be filtered 
through them in percolation vats such -as arc used for the 
sands. They are therefore mixed with cyanide solution and 
agitated, to secure complete solution of the gold, and the 
mixture of slime and solution (called pulp) is forced or allowed 
to flow into large rectangular iron tanks in which a great 
number of filter-leaves are suspended. Each leaf consists of 
a large fiat frame covered back and front with a sheet of filter 
cloth. A pipe leading from the interior of the leaf, between 
the two cloths, is connected to a reservoir in which a fairly 
high vacuum is maintained. When the tank is fail a tap is 
opened connecting each leaf with the vacuum and the solution 
is. sucked through the filter-cloth while the suspended slime 
gradually forms a cake, one or two inches thick, on the out- 
sides of the filter-cloths. The operation is then stopped, the 
tank emptied and filled with water to wash the cakes, again 
emptied and the cakes detached and sent to the waste damps. 
The filter is then ready for another charge. 

The solutions drawn off through the filter leaves go to 
zinc boxes and the gold is recovered just as in the sands treat- 
ment. 

The old tailings damps which have been through the 

oid Tuning Dump,, amalgamation and cyanide processes 

of former years amoun-t to .nearly. 

10,000,000 tons. The amount of gold which they contain 

varies very much, some portions running 4s high as 3 dwts. 
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per ton while a great deal is under 1 dwt. The new cyanide 
treatment with its finer grinding and treatment of slimes: will 
permit of thfc retroatmenf of considerable portions of the old 
dumps — probably some three to four million tons— yielding 
an average of from 1 to 2 dwbs, per ton and giving a further 
return of .1:1,000,000 and possibly more. 

The waste residues under the. new treatment will prob- 
ably be reduced tn five or six grains per ton which means an 
increase in the recovery of gold and of the final output of the 
Field. 

The following statement shows the assay value of the ore 

sent to the nulls, and its value in rupees, 

arade and value of the at intervals since J 898. It will be seen 

ore. 

that there has been a steady decrease in 
the- value of the ore mined and by some this would be regard- 
ed as indicating an impoverishment of the mines with in- 
creasing depth. It would be hard to say definitely whether 
or not such impoverishment is a fact owiag to the very uneven 
distribution of the ore shoots, but it may be regarded as fairly 
certain that the mines wilJ become less rich as greater depths 
are attained. The regular decrease shown in the statement is 
however very largely due to the fact that working costs have 
been reduced and that improved methods of extraction have 
increased the proportion of the gold which can be recovered 
with the result that large bodies of low grade ore, which 
would have been left untouched in former years as too poor to 
treat, can now be mined and treated at a profit. The inclu- 
sion of these lower grades of ore along with the richer ore 
from the shoots lowers the average grade and is a healthy 
sign of progress and development. 
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The following statement gives the average working costs 
on the Koiar. Field in the various bmn- 

Worklng: costs. 

ches of work. The reduction in costs 
is marked. Under the head of mining are included;— 

lis. a. p. 
Development costing about ... '.I per ton milled. 
St oping (including timbering) (J do 

Hoisting do 2 ]0 do 

The cyanide, treatment now includes (1914) 

Treatment of sands costing Ks. 1-2-0 per ton treated. 
Do slimes do lis. 1-4-0 do 

In the last column of the statement the total costs in 
India, including administration, are given and now amount to 
about lis. ]9 per ton oi' ore milled. These however are not 
the total charges which have to be borne. 

We must include about Us. 2-1-0 for royalty, and 
Ks. 1-8-0 to 3 for London Office, depreciation, etc., making 
the total about Es. 28 or 24 per ton milled. In order to pay 
these charges the ore must contain an average of 8 dwts. of 
gold per short ton. This gives us a rough figure whereby to 
judge whether an ore can be worked profitably or not under 
conditions similar to those at "Kolar. As conditions vary this 
figure will rise or fall," and the case of the Wanderer Mine 
(see p. 13) may be referred to as one m which an ore con- 
taining some 10 or 11 rupees worth of gold (8i dwts.) can be 
worked at a slight profit. 

Taulk 4.— Coals on lite Kolar Cold Field in Rupees 
per Ton of 2,000 lbs. 





Miu 


ng 


Milling 


Cyaniding 


Total 


\eurs 


Per ton 


Per ton 


Vl-x ton 


iVr ton 


aclmiuistiu- 




excavated 


milled 


milted 


treated 


tiun 


J89H 


i:\-m 


18-00 


:t-81 


201 


2,1 -77 


1900 


12-911 


17-79 


;rso 


114 


25*98 


loor, 


9-78 


i:r:ja 


2-:i9 


1-16 


18-51 


1910 


902 


JW-G5 


1-86 


1-17 


1998 


iyi4 


8-76 


12- CO 


1-75 


1-20 


19-50 
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With the foregoing brief account, of the work being car- 
ried on by the loading mines of the Kolar Field we shall now 
pass on to the work done and prospects in other areas of the 
State, taking up the various schist patches or groups of workings 
seriatim. The information about some of the earlier work is 
often scanty, but since 1898 the principal workings have been 
inspected and reported upon by the Director and other officers 
of the department. Further details than can be given here 
will be found in the Reports of the Chief Inspector of Mines 
and for convenience of reference the dates of these reports 
will he given where necessary in the text in square brackets. 

Before leaving the Kolar Field a few remarks may be 
made about prospects at the north and south ends of the 
Field. 

Neir Kempinhoie.- — This property lies immediately south 
of the Mysore Mine from which point the auriferous schists 
extend south for a couple of miles before they are cut off by 
the Champion gneiss. In the early days of the Field much, 
work was done here to a depth of several hundred feet and 
small patches of good ore obtained. The country is much 
disturbed and no large shoots were found. During the past 
two years work has been started to test the ground at greater 
depths by driving southwards from the- 2, J 60 and 2,385 foot 
levels of the McTaggart's Section of the Mysore Mine. Some 
quartz up to 9 dwts. in value has been found, but nothing big 
or continuous and it is to be hoped that the work will be 
pushed on as far as possible as any success here would lead to 
the opening up of a considerable area of schist which is cer- 
tainly auriferous. 

The Balaghat Mine, — This occupies the whole of the 
northern end of the Field and includes the former Balaghat 
property as well as those of Road Block, Nine Reefs and 
Coromandcl in which a number of shoots have been worked 
in past years on two or three Jodes which may be regarded as 
discontinuous extensions of the Champion Lode Series. 
Recent developments in the bottom of the Balaghat Mine 
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have been encouraging and may lead to extension of work 
southwards below the old Coromandel Mine. The develop- 
ments northwards from the Nandidroog Mine in the lower 
levels of the former Tank Block and Oriental properties 
point in the same direction, and thus there arc fair prospects 
of a considerable area of ground being opened up between 
the Oriental workings of Nandidroog and the new finds in the 
bottom of Balaghat. 

About half a mile west of these lodes are the Oriental and 
West Balaghat lodes on. which much work was done by the 
Road Block, Nine Reefs and Grold Fields Companies but which 
have now been abandoned. 

Ahmed's BZuc/r. —This lies on the east of the Nandidroog 
Mine where there were some doubtful old workings. Half a 
dozen shafts were sunk, the deepest being 118 feet. Of these 
4 were in the Champion gneiss and 2 in hornblende schist. 
Shafts Nos. 1 and 2 arc in the gneiss. In No. 1 at a 
depth of 90 feet levels were driven for 80 feet on a vein 
which is said to have carried gold, but samples taken by 
Mr. Bocquct did not give more than ft grains. In No. 2 there is 
a small quartz vein which is only I to 2 inches wide at the 
bottom and gave an assay of nearly 4 dwts. The work was 
inspected and reported on [1907-08] and the prospects were 
not sufficiently favourable to justify further expenditure. 

KOLAH SCHISTS NORTH OP THE KOLAU FIELD. 

Krishnarajpur. — Immediately north of Balaghat (Road 
Block) some loose quartz on surface showed gold and it was 
thought that this might come from an extension of the Bala- 
ghat lode. In addition to some shallow shafts and drives a 
shaft was put down over 300 feet and a cross cut started east. 
Nothing was met with and work was abandoned in 1899. 
Considering that some 4 or 5 lakhs were spent in machinery 
and sinking it is a pity that the cross cut was not extended 
further for the sake of exploration at the depth reached. 

M.tt.M, D 



Plantation Block. — Lies to the west of Krishnarajpur 
and contains some dumps and filled-in old workings. Pro- 
specting work has been taken up fmin time to time without 
success. At the present time work is going on at three, small 
shafts on filled-in old workings and although nothing of 
importance has been met with it is probable that at least one 
of these points will be further explored. 

East Bctarayaswavti, — A large block on the north of the 
two former. Prospecting work was started over ten years ago 
by Mr. Mcrvyn Smith who opened a large number of pits and 
trenches on a lode formation running through the eastern 
side of the block which was regarded by him as a possible 
extension of the Champion series. In many places vein 
quartz or lode formation on two parallel lines was opened up 
bat the panning and assay results were poor. 

Some distance to the west some old workings were opened 
up and a couple of shafts sunk to test the old workings. A 
level at a depth of '150 feet passed through some of the old 
workings and is reported to have given good values for about 
150 feet south. Further work has been done recently by the 
East Betarayaswami, Limited, Syndicate, and the main shaft 
sunk to a vertical depth of 454 feet. Long drives at the 300 
and 440 foot levels have opened up a well defined vein of quartz, 
which, for the most part, assays very low. At the 300 foot 
level quartz assaying from 5 to 30 dwts. was passed through 
for a length of 20 feet and it is evident that the shoot on 
which the old workings were made has dwindled and vanished 
in depth. Further work is in progress from the 440 foot 
level in the hopes of striking a now shoot in the quartz. 

Shaw's Block (Badaviakanhalli).--- North of the last block 
and just north of the Kolar-Betamangalam road where the 
schist belt is narrow. Extensive prospecting work was carried 
out by Messrs. Shaw Wallace & Co. in 1907-08 and the work 
inspected and reported upon [1907-08 1. Many thousand 
feet of trenches were made and 8 shafts sunk up to 71 feet 
in depth. Three lodes of ferruginous quartz schist were 
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disclosed and numerous veins of bluish quartz most of which 
showed traces of gold but none of them carried payable values. 
The ferruginous quartzite carried a little gold in places as also 
did the quartz veins which penetrated them. The eastern or 
'schist' lode gave the best results. It is 3 to 4 feet wide at 
surface and gave assays from a trace to 8 dwts, At a depth 
of GO feet it had narrowed to 18 inches and gave from a 
trace to 4 dwts. Work was stopped in 1908 as there was 
no indication of any body of payable ore. 

Jayamangalatn. This lies north of Rhavv's Block and 
some deep prospecting is reported to have been done about 
twenty years ago. An incline shaft was sunk to a depth of 
80 feet on an outcrop which is stated to have given 4 dwts. 
This result has not been confirmed since and the results 
obtained on sinking were practically valueless. 

A few small old workings have been found north of 
Jayamangalam in the neighbourhood of Holali and Vitpalli, 
but washing of the dumps and float quartz gave practically 
no gold. 

Manighatta. — North of Vitpalli the schists widen again 
to a large body and washings in the streams near Manighatta 
and Shagatur, frequently gave shows of gold. The area 
was examined by Mr. Lavelle and a number of trenches put 
in which disclosed many veins of quartz some of which panned 
gold. There is a large old working to the east of Manighatta 
village with a smaller working to the east of it. No other old 
workings arc known and the isolated character of the large 
pit rendered people shy of spending money on it. Jn 1910 
Captain Leth bridge started work on behalf of the North Kolar 
Syndicate and several shafts were sunk to a depth of 60 feet 
both close to the old working and on some of the veins 
disclosed in trenches to the north of it. The work was reported 
on [1911-12] and further work recommended which was 
carried out, under option by the Ooregum Gold Mining Com- 
pany in 1911-12. The earlier part of the work showed that 
the old working was 30 feet wide at the north end at a depth 

M.R.M, * } 2 
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of GO feet but there was no shoot or vein continuing north- 
wards. At the south end a si nail shoot of rich quartz was 
found but this vanished into valueless stringers a few yards to 
the south. The later work done by the Ooregum Company 
consisted in sinking a vertical shaft, 210 feet deep, to the west 
of the old pit, from the bottom of which a cross cut was driven 
east under the old working but failed to find any quartz of 
value. Another cross cut was put in at the 118 foot level and 
intersected a small vein below the south end of the pit. This 
was driven, on north and south for about 145 feet for the 
greater part of which the vein averaged about 15 inches of 
quartz with about G dwts, of gold and this increased to 
18 inches and 15 J dwts. in a rise up to the old working. At 
the north end of the level the quartz went into stringers, but 
in a winze below inches of quartz assaying 14 i dwts. of 
gold was found. 

The general results show that the old working was of 
considerable width and about 150 feet long. It may have been 
sunk on a large lens of quartz or bunch of veins but the quartz 
docs not continue north and south. Some of the quart/, is 
left below the old working and this thins out and decreases in 
value at 13 8 feet. There is no trace of it at 200 feet. 

After a careful examination it was suggested that the vein 
may have been faulted to the east between 118 and 200 feet 
from surface though this is very doubtful. The results ob- 
tained are not encouraging, but some further work might be 
recommended in continuation of the winze at the north 
end of the 118 foot level to see what becomes of the vein and 
whether it opens out again along a northerly pitch. 

The large area of schist in which the Manighatfca old 
working is situated is very similar in character to the Kolar 
Field and carries numerous quartz veins which are slightly 
auriferous. The marked absence of old workings is an un- 
favourable feature and means the absence of specific points for 
the start of prospecting work. Trenching has not led to any 
discoveries and it is only on account of the similarity of the 
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country to that of the Kolar Field that one might be tempted 
.to suggest a purely speculative effort, to the extent of i3 lakhs 
or so, to be spent and a widely spread series of trenches and 
small shafts and cross cuts. It is possible that the extensive 
capping of laterite and laterite soil may conceal valuable out- 
crops which under other circumstances would have been 
marked by old workings. 

THE CiiiNTKAL Oil CHITALDUUG SCHISTS. 

The various points at which work has been done in the 
Chitaldrug Schists will be taken in order from north to south. 

Halckal. — East of Davangere. Mr. Bruce Foote observed 
numerous dumps between the village and Halekalgudda and 
considered that the surface soil had been largely turned 
over. During survey work in 1908, Mr. Slater found some 
old workings on Halekalgudda and some prospecting work 
was done between J 907 and 1909, under prospecting license 
No. 100 without success. Traces of gold were found down to 
a depth of 70 feet, but no auriferous veins were discovered. 
The old workings appear to be in or adjacent to quart/ite and 
have been examined more recently (1915) by Mr. Coleridge 
Beadon, who did not consider them worth further attention. 

HonncmaradL — South-east of Jagalur where Jiruce Foote 
reported the existence of fine reefs and veins of quartz. In 
1905, Mr. Sampat Iyengar discovered an old working which is 
reported to be in the grey- trap of Chitaldrug. A prospecting 
license was taken out by the Madras-Mysore Mining Syndicate 
in 1907, but no encouraging prospects were found. 

Kotemaradi and Gonur.— North-east of Chitaldrug. A 
number of old workings were noted by Bruce Foote and a 
mining lease taken by General Cole in 1890. No records of 
any work done are available, but some of the pits were 
examined in 1897, by Mr. Sambasiva Iyer, who found gold in 
the surface materials and in 190fi, several of the pits and 
burrows were examined and prospected by the department. 
Two were found to be irregular tunnels about 25 feet in length 
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and two were open pits. None of these showed any defined 
vein or lode, but the schist contained many stringers of quartz 
which assayed nil. Washings of the earth from the sides and 
bottom showed a little gold as also did those from the millas to 
the north of the workings. Subsequently a license was taken 
out by the Madras-Mysore Mining Syndicate and a small shaft 
sunk and an adit driven for GO feet without obtaining any re- 
sults of value. A considerable amount of work was also done 
in the hills east of Chikannanhalli a few miles to the north. 

In the central body of the schist between Hiriyur and 
Huliyar a large number of old workings, not previously known, 
have been found during the course of survey work by 
Mr. Sambasiva Iyer and by Messrs. Wethercll and Sam pat 
Iyengar and the presence of gold ascertained by washing the 
dumps and materials from the pits. Subsequently the majo- 
rity were closely prospected by Mr. Randolph Morris and others 
and a number of licenses and leases taken out by him and by 
the Indian Mines Development Syndicate. The chief points 
worked arc the following : — 

BodimaradL — About seven miles north- west of Mari- 
kanave. An old working was found by Mr. Sambasiva Iyer 
on the flank of Iplara hill. It is a deep narrow excavation, 
bands of Jimonitc with veins of powder quartz lying between 
in earthy ferruginous quartzitc. 

An adit has been driven through the western bed of 
quartzitc and south through the limonite passing through and 
beyond the old working and at the south end a winze has been 
sunk about 100 feet and some short levels driven. It was 
expected that the run of stuff which the old workers followed 
would be met with in the winze, but nothing satisfactory was 
encountered. A stringer of rich quartz was passed through 
but led to nothing. An interesting feature is the fact that the 
limonite itself showed some 3 or 4 dwts. of gold very consis- 
tently over width of about 8 feet for a short depth, but this was 
not found to continue at the lowest level reached. [1903-04.] 
The work was abandoned in 1904. 
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To the south of Javangondanhalli, a number of blocks 
were taken up and much work done at several points of which 
we may mention the following : — 

Javanhalli IHocJc.- — The workings are in hornblende schist 
with some dark chlorite schist. Several shafts were sunk up 
to '200 feet in depth and a number of drives and cross cuts put 
in to test the ground beneath the old workings but; in no case 
was any payable vein or lode found and work was suspended 
in 1908. [1907-08.] 

Annex idri. — The workings are to the west of Javanhalli 
and also lie in hornblende schist. No valuable results were 
obtained. 

Ramanhalli and Ajjanhalli. — These lie live or six miles 
to the south of the above in the chloritic schists. Little work 
was done at Kamanhalli as the surface prospects were not 
encouraging. 

At Ajjanhalli extensive adits and cross cuts were made 
in the Gavigudda hill in which a very considerable ore body 
was met with at depths of 100 to 300 feet. The maiu adit is 
over 000 feet in length in ferruginous quartzitc which gave 
assays from \ to iik dwts. In the main cross cut cast for 
about 150 feet the mixed chlorite and ferruginous schisms gave 
assays of from -1 to 8 dwts., but the values sank to 1 dwt. or 
less in the cross cuts to the north and south of this. The 
work disclosed a very considerable body of schistose lode mat- 
ter which was very carefully sampled and a bulk sample of 
200 tons sent to Kolar for treatment. The average assay 
value of the bulk sample was 3 '09 dwts. but the mill extrac- 
tion was only 1'40 dwts. per ton. 

These results were not considered good enough to warrant 
further work but they are more encouraging than have been 
met elsewhere in this area and might be deserving of further 
attention. [1907-1908.] 

Dindioara. — Some pits which were considered to be old 
workings were found on two runs of ferruginous quartzite 
south of Dindivara village about six miles west of the above 



40 

series of workings. Mr. Bosworth Smith took out a license 
in 1907, and put in a number of pits and trenches from which 
small values were obtained and he considers that the gold is 
in these ferruginous quartizites as well as in the quartz veins 
in them. The gold was very small in quantity and appears to 
be less in depth than at surface. 

Bellara. — Work was carried on for several years by the 
Indian Mines Development Syndicate in connection with 
some old workings originally found by Mr. Sanibasiva Iyer 
and subsequently prospected by Mr. R. H. Morris. They arc 
in a large mass of altered diabase which intrudes the chlorite 
schists. The principal workings are on a small hill where 
there is an outcrop of quartz (Bellara reef) which gave some 
good shows of gold on panning, Three shafts were sunk and 
levels driven at 130, 230 and 330 feet. There was a good 
vein of quartz but the values were very low and work was 
stopped in 1905. At the western foot of the hill what is 
known as Tank reef was located after a considerable amount 
of prospecting, and found to be dipping west. Altogether ten 
shafts were sunk over a length of about 2,000 feet. The deep- 
est was a little over J 00 feet and a number of levels from this 
and other shafts disclosed the existence of a quartz vein varying 
from a few inches to two and a half feet in width which assayed 
from a trace to about three ounces with occasional richer 
patches. A considerable proportion could be taken out at an 
average of 9 dwts. or so, but the total tonnage is too small 
to justify the erection of a plant. At the deepest point the 
quartz was nearly 4 feet wide but of no value and at other 
points the values at depth were all small. At one time the 
results appeared to be quite promising, but the poor results 
obtained in depth caused the mine to be abandoned. 

In the southern portion of the Chitaldrug schist belt and in 
the outlying stringers near it, several old workings and dumps 
have been noted. A large number of leases were taken up in 
the early days, but no promising results were obtained and 
very little work done. The following may be mentioned : — 
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Honnebagi. — East of Chiknayakanhalli. There are a 
number of shallow workings near the. edge of the schists 
which are partly hornblendic. Some trial pits on the quartz 
veins gave no gold. 

Haling anahalli. — Just south of the Kunigal road. There 
are a number of dumps from which gold can be washed and 
probably represent the turning over of the surface soil and 
debris. 

Nagamangala- On the outlier of hornblendic and fcal- 
cosc schists west of the town there arc numerous quartz veins 
which were favourably noticed by Mr. Bruce Eoote. Little 
work appears to have been done on the old leases which have 
since been abandoned. A number of these veins were sampled 
by Mr. Wetherell during survey work but gave nil to traces of 
gold with sometimes I or 2 dwts. of silver; and further work 
docs not seem to be advisable. 

Himjankerc. — On a small patch of hornblendic schists 
about 7 miles east of Scringapatam. There arc a few old 
workings here which were tested in 1907 by Mr. J. G. Hooper 
under an existing lease [1906-07]. Several shafts and trial 
pits vvere sunk and. three quartz veins tested one of which 
gave occasional assays up to 10 dwts. The country and lode 
matter is rather like that at Woolagiri, but on a small scale 
and no indications of any body of ore vvere found. 

ButgahalU.— North of Bannur. There are some old 
workings here on a small patch of hornblendic schists. These 
were prospected by the department in 1905-06 and two shafts 
sunk and several trenches made. Some small shows of gold 
were obtained but nothing sufficiently encouraging to warrant 
further work. An extended series of alluvial washings were 
made at the same time at Hunjankcre but gave only minute 
traces of gold. 

WEST CENTRAL SCHISTS. 

A number of old workings have been recorded along a 
stretch of country in the Hassan and Mysore Districts from 
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Banavar to south of Nanjangud. The positions of these are 
shown on the map. They lie in small shreds or patches of 
hornblcndic or talcose schist or schist and gneiss and many of 
them appear to be unimportant and have failed "to attract 
serious attention. On the more important or promising look- 
ing a good deal of work has been done of which the following 
is a brief record : — 

Yehwi.— Ne&r Haranhalli. These were tested by the 
Mysore-Haranhalli Sold Mining Company in 1889-1890. A 
trial crushing of a bulk sample of the atone appears to have 
been made from which 25 ozs. of gold were obtained, but the 
results were too poor to justify further work which was sus- 
pended in 1890 and the Company transferred its activity 
elsewhere. 

Kcmpinkote. — (Hassan). They lie on an isolated patch 
of hornblendic and talc-chlorite schists to the south of the 
Nuggihalli schist belt where there is a very large old working 
(over GOO ft. in length) with a smaller working to the north of 
it. The property was taken up by the Kempinkote Gold 
Field, Ld., with a capital of £170,000 and a great deal of 
work was done from 1893 to 1896. The ground beneath the 
old workings was tested by two shafts to a depth of 500 feet, 
several thousand feet of drives and cross-cut being put in. No 
very definite vein of quartz or fissure lode was found, but a 
wide zone of auriferous schists with numerous veins, bunches 
and lenses of quartz was disclosed which is stated to have been 
70 feet wide in places and sometimes up to 150 feet in width 
with intervening schist bands. Much of the quartz, especially 
in the large veins, was very poor, but the banded schist forma- 
tion sometimes gave an average of 8 to 10 dwts. for consider- 
able distances and widths, The occurrence of rich pockets 
assaying up to 10 ozs. was a noticeable feature and helped 
to raise the average of some of the drives, but they were too 
few and far between to produce any considerable or reliable 
influence. A great deal of the lode formation went under 
1 or 2 dwts. in value and the formation appeared to be 
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narrowing in depth. Taken as a whole the formation is of low 
grade and if taken out in bulk the average would probably not 
exceed some 2 dwts. per ton. We believe that this represents 
the opinion of Mr. II. H. P. Bullen who was in charge of the 
work and that there is sonic prospect that the grade might be 
improved somewhat by selection or sorting. There is some 
reason to hope that the property will be taken up again and 
given a further trial in view of the improvements in treatment 
and extraction which have taken place in recent years. If 
sufficient material could be obtained to give an output of 100 
to 150 thousand tons a year of an average value of 5 dwts. or 
so and with a simple process of extraction the prospects of 
working at a profit would not be beyond hope. 

Bellibetta. — There are a number of workings in outliers 
of the schists to the west of Krishnarajpet. Of these the most 
important are on the Bellibetta hill and several mining leases 
were taken out in 188G. Little work appears to have been done, 
but in 190L-02 an option was acquired by the New Kcmpin- 
kotc Company and some shafts sunk to test the reefs which 
the old workings are supposed to have followed. The quartz 
was practically valueless. Washings from the dumps and 
assays of float quartz gave small shows of gold which in no 
case exceeded 1 dwt. per ton. 

In the Mysore District there are several old workings in 
the neighbourhood of Hunsur and Nanjangud. Of these the 
most important are those at Woolagiri (Volgere) and Amble 
and a large amount of money has been spent from time to time 
in testing them and the schists in which they lie and they have 
been closely examined and reported upon by the department. 

Ambit. — On this block the old workings were tested about 
1895 by a small Syndicate and some good specimens obtained. 
In 1899 to 1901 work was taken up by the New Kempinkotc 
Company and at North Amble shafts and levels to a depth of 
178 feet disclosed a quartz vein about 5 feet in width which 
was auriferous, but the values were low and seldom ran above 
4: or 5 dwts. At South Amble sinking was continued to a 
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depth of 200 feet; but with the exception of a small vein below 
the old working which assayed a few dwts. nothing was found. 
A large vein of pegmatite was encountered which gave assays 
as high as 15 grains per ton. A great many trenches and pits 
were made all over the strip of schist and many of the quartz 
veins and alaskites were found to contain small amounts of 
gold bat nothing of any value for mining. [1901.] 

Woolagiri. — A large old working lies to the north of 
Amble workings in a separate patch of hornblendic schist. 
Early work is said to have yielded some rich samples from a 
shaft 96 feet deep from which a cross-cut was made beneath 
the old working. In J 90b' work was taken up by the Nanjan- 
gud Gold Field and levels, etc., driven at 9b" and 12(3 ft. dis- 
closing a complex lode of quart/ and altered schist over 20 ft. 
wide. The mine was sampled and reported upon department- 
ally the result of which was to show that the lode averaged 
about 4 dwts. of gold per ton about l/5th of which is in pyrites. 
[1901 and 190G-7.] This is too low to pay and it was 
suggested that much of the lode material (white quartz, granite, 
etc.) could be picked out raising the remainder to from 7 to 
10 dwts. and that if a sufficiently large body could be proved 
it might be possible to make it pay. A vertical shaft to a 
depth of 200 ft. was recommended and exploration at that level 
to see if the lode continued or improved. This work was 
carried oat, but it was found that the lode had narrowed con- 
siderably in depth and that notwithstanding some bunches of 
good ore the average value was low. 

A five-head stamp mill was put up and various trial 
crushings made from J90G to 1909. The trials on the general 
samples of ore sent to the mill averaged 3'26 dwts. of bar gold 
per ton and on picked ore 5*07 dwts. The tailings probably 
averaged about 1*5 dwts. per ton. 

The mine was finally reported upon by Mr. Bosworth 
Smith ( l ) in 1913 on behalf of the Eastern Development 
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Corporation and as his report was unfavourable work has 
been abandonee!. 

TIOKNALT COLD FTKLD. 

This first attracted attention in 1880. A large number 
of leases were taken out in the neighbourhood of Kudrikonda 
and Palavanhalli and were acquired by the Honnali Gold Min- 
ing Company with a capital of 4 lakhs of which about 2 lakhs 
was available for working. Owing to the prevalence of gold 
in the soil, some rich float quartz and some very high values 
were obtained during prospecting work. Very sanguine re- 
ports were drawn up and a good deal of money was spent on 
a 10-1 lead battery, percussion tables, reverberafory furnace, 
arastras, etc., before the value of the ore bodies were proved." 
The final result was a shortage of money which might have 
been more usefully spent in further exploration. The principal 
work was done at Kudrikonda where there were some old 
workings most of which were proved to be erratic and not- 
very deep. At the main shaft a vee^ called Turnbull's reef 
was opened up to a depth of ]05 feet and found to be a lenti- 
cular shoot pitching north with quart/, up to 5 feet in width 
which pinched into stringers towards the bottom. Four other 
shafts were sunk on the lode to the north of the main work- 
ings but gave poor results. The main shoot appears to have 
contained very rich patches, up to 85 ozs. to the ton, but the 
average result was quite low. Altogether 2,580 tons of quartz 
were obtained and yielded 528 ozs. of gold, or an average of 
about 4 dwts. per ton. This average is too low to pay and the 
quantity of ore to be obtained is apparently small. A report of 
the Honnali Company published in 1885 sums up the results of 
working by saying that each ounce of gold had cost the Com- 
pany Ks. 189-10-5, while its sale value was only Es. 45-9-9. 

Funds being exhausted the mine was closed, but shortly 
afterwards The Honnali Tribute Syndicate started further 
work most of which was carried out by Mr. James Young who 
has kindly furnished the following particulars : — ■ 
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The North Air Shaft, which lies 160 feet north of main 
shaft and had previously reached a depth of 90 feet, was 
continued to 2tf0 feet and several short drives and cross-cuts 
put in. At 150 feet the reef improved to 4 feet in width and 
showed gold estimated at from 18 dwts. to 34 ozs. per ton. 
At 164 feet it passed out of the shaft. At the 200 feet cross- 
cut only stringers were found, hut in a drive north some small 
quartz is reported to have been several ounces in value. 
About 130 tons of quartz obtained during these operations 
were put through the mill and yielded 100 ozs. of gold. Not- 
withstanding some high values the work done failed to reveal 
any valuable body of ore and the mine was finally closed down 
although Mr. Young was still very sanguine about finding 
something more substantial with further work. 

There can be no doubt about the existence of small rich 
lenses and patches in this field and that others would be met 
with if the workings were considerably extended. Unfortu- 
nately a few rich patches do not make a mine and the cost of 
finding them and extracting the gold is likely to exceed the 
value of the gold won as shown by the milling results of the 
Honnali Company. 

On the other hand these isolated patches may easily 
account for the prevalence of gold distributed through the soil 
of the area as many of them must have been exposed and 
broken down, with resultant separation of the gold, during the 
long denudation of hundreds and probably thousands of feet of 
the schists in which they occur. 

The number 15 Honnali Gold Mining Company.— Opened 
a mine about 1 mile north-west of the Honnali Mine, to a 
maximum depth of 315 feet. The veins and stringers were 
poor. The best result appears to have been a vein 18 inches 
wide worth 4 to 5 dwts. which was found in the north level 
from Air Shaft. 

Palavanhalli Gold Mining Company, — The Company did 
some work at a point four miles south-east of the Honnali Mine, 
where there is a shallow old working. A main shaft was 
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sunk to 100 feet on a cross-cut east driven but no ore of value 
was encountered. 

After a long period of inactivity some further attention 
has been paid to this field during recent years. Numerous 
washings and trial pannings have been made by the depart- 
ment without locating any promising material. 

Under prospecting licenses held by the Eastern Develop- 
ment Corporation a considerable amount of prospecting has 
been carried out under Mr. Bosworth" Smith which has been 
referred to already (p. 11) and which will be continued. 

On several other blocks in the neighbourhood of Palavan- 
halli a good deal of work was done a couple of years ago on 
behalf of some of the Kolar Companies, but the results were 
poor or nil and the licenses have been given up. 

KHlMOGA-TAKIKEttK flHOn*. 

A reference to the map will show that a very large 
number of old workings have been found in the schists around 
the Shirnoga and Tarikcre masses of granite and gneiss. In 
these schists some runs of fine granite, quartz porphyry, 
quartzite and crush breccia or conglomerate have been found 
and are regarded as probable representatives of the Champion 
gneiss. 

At Honnchatti, Nandi, Ajjampur and Bukkambudi the 
old workings have been known for a long time past, but a 
very much larger number were discovered subsequently — 
chiefly by Mr.* H. K. Slater — during the course of survey 
work. 

The following is a brief account of the mining and pro- 
specting work at the principal points starting from the west 
side of the group. 

GhornadihallL— These workings lie about eight miles 
south of Shirnoga. Mr. Slater found a large number of pits over 
a considerable area both in the chloritic schists and in the pot- 
stones. The area w T as prospected and reported upon [1906-07] 
by Mr. Balaji Eao who obtained indications of gold from some 
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of the pits and adjacent nullas. No auriferous quartz was 
found and it is possible that man}* of the pits were not for 
gold. The prospects are not promising and no serious work 
was attempted although a prospecting license was taken out 
and held for several years. 

Ilojivehatti. — South of Ben ki pur and close to the Bhadra 
river a very large number of old workings occur on the 
Honnegudda hill and on the fiats to the south of it. These 
have attracted a great deal of attention since 1887 when a 
Jease was taken out by the Mysore-Nagar Gold Mining Com- 
pany. In more recent years the ground has been extensively 
prospected under Mr. Bosworth Smith and Capt. Lethbridge 
and the results may be summarized as follows : — 

In the saddle on the Temple Hill are large old workings 
which were tested by an adit driven into the nil] for 294 feet 
and from which a rise was put up into the old workings. 
A lode formation was found consisting largely of massive 
quart/ with pyrites and on this some levels were driven and 
a winze sunk to 74 feet below the adit level. The samples 
showed that the lode or vein averaged about 2i dwts, per ton, 
the highest assay being 8 dwts. The pyrites carries gold 
to the extent of about 12 dwts. per ton. This material was 
obviously unworkable and attention was directed to the low 
ground between the bill and the river. 

Jn this ground there are a very large number of eld 
workings spread over a large area, the principal ones being 
ground along three parallel lines. One or two of these are 
more than 50 feet deep, but the majority are much shallower. 
The Mysore-Nagar Company sunk two shafts and put in some 
pits and trenches but the results were poor. 

The No. 1 shaft was 100 feet deep and in a cross-cut 
west at 80 feet a vein eight inches wide assaying 2£ dwts. 
was found. Nothing of value was found and as water was 
heavy work was stopped. 

The White Cedar shaft was sunk for 95 feet and at 83 
feet a drive was put in just below the old working. Stringers 



49 

and veins of quartz were found which occasionally showed 
gold, but the average results were very low. 

Mr. Bosworth Smith reported on the property in 1903 
and found that the mineralized lode from the bottom of White 
Cedar shaft gave about 3J dwts. and from the drive at 83 
feet some 7J dwts. He also found that picked samples rich 
in sulphurets (iron and copper pyrites and blende) gave 14 to 
17 dwts. and that the concentrates from these gave about 2 
ozs. per ton. He formed the opinion that although there may 
have been a good deal of free gold in the broken-down and 
weathered materials near the surface, on which a large num- 
ber of the shallow old workings were made, at greater 
depths the greater part of the gold was in the pyrites and 
that the ore would be refractory and require concentration. 
He thought that considerable bands of mineralized lode mat- 
ter (quartz and schist) might be found which would pay to 
extract. 

Subsequent work has not disclosed any considerable 
lenses or bands of payable material although several thousand 
feet of trenches were put in and a large number of pits sunk 
on veins which showed from a trace to 20 dwts. to the ton, 
but which invariably pinched out or became poor in depth. 
The results have been very disappointing but it may be noted 
that Mr*. Bosworth S/nitffs main recommendation was not 
carried out. This was to sink a shaft to 300 feet a little west 
of the White Cedar shaft and ascertain whether any suffici- 
ently large lenses or bands of heavily mineralized lode 
matter were to be found below water level. The expense of 
the necessary plant and the poor results already obtained 
no doubt accounted for this, but it is possible that some one 
will still have the courage to carry it out. 

TambadihallL — Around Tambadihalli and Shinganmanc 
many old workings have been found in the jungles — mostly 
nearly filled in and covered with soil and leaves. Work was 
carried on for several years by the Shimoga Gold Fields, details 
of which will be found in the Mines Reports for 190f<-07 and 
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1907-08. At seven different places shafts were opened up to 
a depth of 100 feet or so and drives put in. In three or four 
places rich stringers and lenses of quartz were found running 
several ounces to the ton; but in no case did any of them 
continue for any considerable distance or make into a work- 
able body of ore. 

Teak Plantation Block.— Home work was done in 1908-09 
on the old working here which was unbottomed. It was found 
that the pit had been sunk on a small rich shoot of quartz 
which had a length of about 40 feet and carried several ounces 
of gold and no pyrites. At '20 to 30 feet below water level 
the shoot had shortened to 20 feet and was evidently pinching 
rapidly and as the water was very heavy, work was stopped. 
It is a point which will doubtless be attacked again if the 
neighbouring workings at Jalagargundi are reopened and staff 
and machinery are available. 

Jalagargundi, — This is the most important point in this 
group. There is one very large pit and a number of smaller 
ones scattered about in chloritic and talcose schists and pot- 
stones. A large amount of work lias been done [1907-08; 
1908-09 | . No 1 shaft was sunk to a depth of 230 f< et close 
to the large pit and some quartz about two feet wide, said to 
be worth J 5 dwts., was found at about 160 feet. At 190 feet 
the quartz was wider, but carried only from a trace to 4 dwts. 
At No. 2 shaft, a lode was cut at 170 feet said to be worth ] 5 
dwts. and JO or 12 feet wide. At 200 feet it is about 1J feet 
wide and said to be of fair though variable value. In a drive 
to the west the lode became poor, but for 105 feet to the east 
it was estimated to be worth over 1 oz. In 1913 the lode 
along the cast drive was stoped out for 150 feet for a height 
of 5 fact of which a general sample gave just over 10 dwts. 
By picking out the white barren quartz the balance (09 per 
cent) gave an average of nearly 14 dwts. [1918-14]. 

The lode is a sort of finely granular and banded quartz 
schist with some calcite and chlorite and fine parallel lines 
of oxide of iron dust. Alongside and penetrating it is a large 
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blow or vein of white glassy Quartz which is barren. The gold 
is mostly free and the Jode is richly studded with small crys- 
tals of pyrites which carry little if any gold. Work is stopped 
at present, but it is expected that fresh funds will be forth- 
coming to continue operations. 

Fihiddarhalli.- — The old workings are on the crest of 
some low hills and at the bottom of the principal working the 
lode which was mixed quart/ and schist gave some 4 dwts. 
per ton. An adit was driven from the north face of the hill 
and cut the lode formation at 201 feet about 100 foot below 
surface. The lode was driven on for 120 feet cast of which 
the first 50 feet was on an average 5 feet wide and about 9 J 
dwts. in value and from there to the end about Gif dwts. and 
getting narrower and finally splitting up. The west drive 
disclosed a body of ore 5 feet wide, giving assays of from G 
dwts. to 1 o/. with an average of 12J dwts. At 45 feet a 
cross lode carrying graphite was met with, beyond which the 
main lode narrowed from one foot to stringers in a distance of 
15 feet. Several other drives were put in showing low 
values and levels were driven at 75 feet below the adit level 
which showed very crumpled and disturbed country and prac- 
tically no lode formation of any value. Work was suspended 
in 191 H as results did not justify further expenditure, the 
small run of ore below the old workings having disappeared in 
depth as well as east and west and the country being too 
disturbed to hold out much hope of picking up any continua- 
tion of it. 

Nandi (HoshaUi).—A few workings occur between fihid- 
darhalh and Nandi Hill, south of Tarikero, but nothing has 
been found by the prospecting work done at several points. 
The old workings at Nandi and Chattanhalli were prospected 
departmental ly by Mr. Primrose in J 897 (Records Volume II, 
pages 57-G1) who found little except small shows of gold in 
some of the nullas. Since then the ground has been held 
under a mining lease and two of the workings on Nandi Hill 
cleared out to depths of 120 and 210 feet. The assays did 
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not exceed a few dwts. and the prospects have not been con- 
sidered sufficiently good to warrant much expenditure and 
comparatively little work has been done. Recently [1912-13] 
one of tiie workings on the west side of the Tarikere road was 
tested by a vertical shaft to a depth of 198 feet and some 
quartz veins of little value found. 

To the west of the long series of workings described 
above some others have been found at IloshalU and Dwruhal 
(Aramballi) not far from Yedahalli. Those at Hoshalli are in 
dark hornblendic rocks and amphibolite and the pits and 
trenches disclosed little of interest with the exception of a 
vertical vein about 4 inches wide giving assays up to 1U dwts. 
but showing no tendency to widen out. 

At Devrvkal the workings are in potstone and talcose 
schists. The dumps gave hardly any traces of gold and a 
Jong adit driven below the largest pit failed to find any lode 
of value. It is by no means certain that these workings were 
for gold, but no other mineral has been observed with the 
exception of a little chromite. 

Ajjampur.— Passing to the north side of the Tarikere 
gneiss we come to some old workings on the hills to the west 
of Ajjampur. These were described by Mr. Sambasiva Iyer 
in 1897 (Records, Volume I, page 92) and the subsequent 
work inspected and reported upon by Dr. Smeeth [1901]. 
The workings are in a series of chloritie and felspathic quart- 
zites or qu&rtzose schists which are now thought to be 
associated with the Champion gneiss. There are two large 
pits named Hondo una and Jlahlndonna and a good deal of 
work was done by the .Kadur-Mysore Gold Mining Company, 
Hondonna lies a little north of the temple on the top of the 
hill. It is a large pit choked with debris and an adit was 
driven which entered it at 150 feet below surface. Little 
information was available as to what had been found but 
apparently nothing good. At Rakkidonna, which is on the 
slopes of the hill at a lower level, the old working is in the 
form of an irregular, steeply-inclined shaft or burrow which 
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has been proved to a depth of 300 feet. Adits were driven in 
and levels and drives opened up round the old working, to a 
depth of 300 feet, which failed to reveal any valuable body of 
ore. The shape of the working points to a pipe or narrow 
shoot of ore having been taken out. A large number of sam- 
ples gave very poor results, the highest being 2'2 dwts., and 
there appears to be nothing to encourage further expenditure. 
Bukka-mbuclh.- — A few miles north of Ajjampur on the 
hill overlooking the tank. There arc considerable excavations 
with inclined and branching tunnels or burrows in a series of 
talc-chlorite schists veined with quarts and caJcite. The 
workings originally attracted the attention of Mr. Mcrvyn 
Smith who applied for a miniug lease but did not take it up 
or do any prospecting. He reported the presence of zinc and 
lead sulphides with some silver. The workings have been 
examined departmentally during the course of survey work 
and there seems to be little to justify expenditure on them. 
The irregular shape and branches appear to indicate that 
some branching shoots or impregnations were followed and 
taken out. The lead and zinc sulphides are in irregular bands 
or streaks in the rock and samples broken from the faces give 
less than one per cent of concentrates containing galena, 
blende and pyrites in a fine state of division. Small veins of 
quartz as well as the mineralized rock give small traces of gold 
and it is probable that the old workers removed some small 
shoots or richly impregnated and oxidised patches of ore carry- 
ing free gold. Ho far as can be seen flic quantity of mineral- 
ized rock is small and the percentage of mixed concentrates 
insignificant. 

Bummakw 

An endeavour has been made to summarize as briefly as 
possible the present state of our knowledge about the occur- 
rence of gold in Mysore and the prospects of further develop- 
ments of mining work. It will be evident that the hopeful 
predictions of Bruce Foote and of many of the earlier pro- 
spectors have been seriously discounted by the large amount of 
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mining work which has been done at very considerable cost. 
These predictions were based on the successful results which 
were then being obtained beneath the old workings at Kolar, 
on the i'aet that many other old workings were known in 
other parts of the State but not tested, and on the fallacy- 
then so prevalent and not yet quite dead — that even though a 
mine or lode was comparatively poor at surface the odds were 
in favour of its increasing m richness at greater depths. 

The work which has since been, done by the Geological 
Survey and by various mining and prospecting parties has 
shown that the Kolar Gold .Field possesses unique features in 
the number and size of the rich shoots situated on one or 
more well defined veins (which might properly be described 
as fissure veins) which are not repeated in other parts of the 
State where old workings occur. This would not prevent the 
opening up of individual mines if" the shoots on which the old 
workings were sunk were found to continue in depth, and 
some may yet be found to do so. In the vast majority of 
cases however we have definitely shown that this is not the 
case and that many of the old workings are on what may be 
regarded as the mere stumps of shoots remaining after denu- 
dation of the upper parts. Many others, especially in the 
chlorifcic series, have been excavated on small rich lenses of 
limited extent and not connected with other lenses by well- 
defined veins which could be followed in the hopes of finding 
other lenses within reasonable distances. Other workings 
again are on veined or impregnated zones of schist the upper 
weathered portions of which — in which there may have been 
secondary concentration — were sufficiently rich in free gold 
while the unaltered portions below are too poor to pay. 

The Kolar Gold Field is likely to continue a successful 
career for several decades and the area of ground mined may 
possibly be extended on the south and near the north of the 
Field. It is hoped that some further work will be done at 
Manighatta in view of the fact that a small shoot has been 
found, that this large body of schists is so similar in character 



and disposition to the Kolar Field and that gold is prevalent 
in the soil and nullas of the area. 

Id other parts of the Province work will no doubt be 
resumed later at Jalagargundi and on the Honnali Field ; and 
the prospects of opening up some large low grade bodies of 
schist or lode, susceptible of cheap mining and extraction, at 
such points as Honnehalfci, Ajjanhalli and Kcmpinkote 
(Hassan) may yet attract the attention of capitalists who are 
prepared to spend considerable sums on speculative ventures. 



o(i 



Iron. 

Ikon Ores. 

Iron ores arc widely distributed in the State but very 
variable in character ; and in comparatively few places are they 
found in sufficient abundance and purity to be worth attention 
for work on a commercial scale under modern conditions. 

The following classification seems to be in accordance with 
the numerous observations so far recorded by the survey : — 

(1) Banded ferruginous quartz rock which occurs as a 
common integral component of the Dharwar Schists. 

(2) Dcsilicified portions of (1) with, in some cases, 
addition of iron from solution or by mctasomatic replacement 
of quartz and silicates. These form rich haematite and limo- 
nitc ores. 

("6) Zones or layers of massive ore probably the result 
of the metasomatic replacement of silicates (igneous and 
metamorphic schists) by oxides of iron. These are cither 
limonites or haematites and are sometimes associated with (I) 
and sometimes not. In some places they are associated with 
manganese ores. 

(4) Magnetite and haematite lenses which appear to be 
of magmatic origin associated with ultra-basic rocks intrusive 
into the Dharwar Schists. They arc usually highly titani- 
ferous. 

(-3) Quartz magnetite ores which appear to be of mag- 
matic origin and genetically related to the Charnockitc scries 
and therefore subsequent to the Dharwar Schists and to the 
fundamental gneiss. There are some runs of solid magne- 
tite-haematite ore in the same neighbourhood which may belong 
to this series, but as connecting evidence is wanting we have- 
not definitely classed them. 



A note on these various types and their mode of occur- 
rence will be found in Records Volume XIV, page 31, and the 
present notes will be confined to the more important loca- 
lities which have been investigated and the quantities and 
character of the ores available. A number of analyses are 
given in Tables 5, Ij and 7 and will be referred to where 
necessary by their serial numbers. 

ORES OP THE UAIUBDDAN HILLS. 

The Bababndan Hills lie a few miles north of Chikma- 
galur in the Kaduv District. They form a ring or horse-shoe- 
shaped chain of hills enclosing the Jagar valley with an 
opening at the west side where the Somav&hini river flows 
out. The crest of the ring is formed nearly entirely of banded 
quartz iron ores (ferrugmous-quartzitcs) dipping inwards 
at angles of about 45°. The iron ore in these rocks is largely 
haematite with some magnetite, fn places, chiefly along the 
eastern crest for some miles north of Attigundi, the rock eon- 
tains much more magnetite than haematite and bands of the 
former, up to 2 or 3 inches thick, alternate with finely granu- 
lar quartz. 

These more magnetic portions of the scries yield from 35 

to 50 per cent of magnetic concentrate, 

bat the results which could be obtained in 
commercial concentrators and the grade of the concentrates 
have not been determined yet. Large quantities of such 
concentrates could be obtained but they would be two or three 
times as expensive as the haematite ores which will be described 
below and the expense would be justified only if the product 
was very high in iron and very low in impurities — especially 
in phosphorus and sulphur. This is a point to be determined 
by further investigation. 

On the eastern side of the chain the ores lie at surface in 

gentle undulations with some steeper 
H um a oiue? nd folds and crumples. The lower layers 

are thick beds of the banded ferruginous 
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quartzite which arc overlaid by a scries of banded iron ores 
and ochres with numerous layers, bands or lenses of haema- 
tite and limomto. Many of these harder bands, which may 
be several feet thick, outcrop in scarps or in long lines of dis- 
jointed blocks over an area uf 30 square miles or so from 
Kcmmangundi on the north to Attigundi on the south and 
between Kalhattigiri and Virupaksliikan, east and west. The 
various ore helds or patches of ore are separated by intrusive 
diabases or diorites, which are often altered into ferruginous 
clays, or by patches of soil and jungle or ferruginous quart- 
zites where the overlying series has been denuded away. A 
gj'cat many million tons of ore exist in this area but in widely 
separated patches, and transport from one point to another 
would be diihcult owing to the roughness of the country and 
the numerous ravines and nullas. For practical purposes it 
would be necessary to select some particular ore field where 
sufficient ore could be obtained to run the proposed smelting 
plant for many years. 

It is interesting to note that in some places the ierru- 
ginous-quartzites appear to pass upwards 
into laminated and porous haematite by 
the j 'em oval of the quart/, in solution, This is well seen along 
the track about .] mile north-west of the bungalow on A 5590 
and at points round the north-west slopes of the Gin. A pit 
at the former point was sunk in this ore at a little higher 
level than the point at which the underlying banded quart- 
zites arc exposed in a nulla close by. An average sample of 
the pit is shown in analysis No. J-± and shows good ore with 
practically no silica. There is a large quantity of this material 
but it is friable and would probably produce too much tines 
for blast furnace work. The only point which raises some 
doubt as to its origin is the amount of alumina present (nearly 
10 per cent). It is not known how much alumina the banded 
quartzites contain and the large amount of this constituent 
rather suggests that there may have been intercalated bands 
of trap in the original rock. 
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The more valuable bands of harder haematite and limo- 
nite occur in a banded series overlying 

Replacement Ores. ^ feiTUgin0ll(5 quar t Z iteR and from' the 

evidence obtained in a number of prospecting pits the series 
was probably originally composed of bands of mica-chlorite 
schists and chloritic and hornblendic trap. Their original 
character can only be surmised as they are now completely 
converted into banded iron ores and ochres with varying 
bands, etc., of harder haematites and linionites. The hardened 
bunds give bold outcrops between which much of the surface 
presents an indurated crust, 2 to 5 feet thick, beneath which 
the more finely banded ore and ochre is comparatively soft. 
The original rocks appear to have been completely altered by 
removal of the silica, lime and magnesia, very little of which 
remain, and the concentration of the iron. The harder bands 
of hematite and hmonite are probably those in which there 
has been considerable deposition of iron from solution over 
and above the general concentration effected by metasomatic 
replacement, and in some cases the hardened haematite lias 
been observed to penetrate the banded ores and ochres in 
branching veins transverse to the banding. 

The harder crust, much of which is fairly good ore though 
often somewhat high in phosphorus, gives 

The Crust. r i 

a deceptive impression or the amount oi 
smelting ore available; for, on being broken through, it passes 
into soft banded ores and ochres of which probably 50 per 
cent would have to be rejected as too fine and soft, Such 
resectable material is represented by the waste dumps from 
the pits at Kcmmangnndi (analyses %), 30 and HI) which pro- 
bably average from 50 to 55 per cent of iron and about 0"]2 
per cent phosphorus. Samples of the crust 4 to H feet thick- 
are represented by analyses 14, 17 and 18 containing from 51 
to 01 per cent of iron with about 0T per cent phosphorus and 
a good deal of combined water. Nos. ]7 and ]8 are mostly 
vesicular limonite and No. 14 chiefly Inematite. 
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In low lying places especially where the crust has been 
denuded or much altered by water we get 

Lnterltold. . . ' & 

a highly vesicular or Jatentoid layer 
developed on top of the banded ores and even passing down- 
wards between the harder bands, which are sometimes broken 
up into fragments by gradual subsidence and collapse. One 
such place is at the road cutting at the western end of the 
Kemmangundi field where a face of 10 feet of finely banded ore 
and ochre gave analysis 5 and f;he lateritoid layer over it, into 
which it appears to have altered, gave analysis (>, These are 
reproduced below for comparison showing the increase in 
alumina and the marked increase in phosphorus: — 

TiO.> 
l-OTi 

In one of the pits at Kemmangundi rather soft and earthy 
or stony looking red to black ore was met 
with for a depth of 9 feet. It is com pact, 
non-banded and breaks with conchoidal fracture into lumps 
and small fragments and is suggestive of a completely altered 
band of trap. Of the material excavated 40 per cent was 
sorted out as lump ore 2 to H inches and over. This gave 
analysis No. 24 with nearly 64 per cent of iron and would 
form a valuable ore if it will stand transport. There is probably 
a large body of it. The remaining (30 per cent is inferior and 
contains much more silica and phosphorus but can be readily 
sorted out. 

These are the best and most valuable portions of the 
series and include the outcrop blocks and 

The harder lump Or,. ^ ^^ ^^ ^^ ^^ ^ 

analyses given show their character. 



0) ' Lateritoid ' is a term SUggefitrd by Dr. Fcrmor to denote hiffhly vesicular 
ferruginous material having somawhat the aspect of laterite though not sutfieipntly 
similar to typical laterite to permit of the latter term heing employed or generally 
admitted. Virir " The Manganese <)res "f India" by U. I'';igh Fennor, D.sc, 
A.rt.B.M., Memoirs of the Geological Survey of India, Volume XXXVII, p. 3HCJ. 
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The following remarks refer to the Kemmangundi area. 
Analyses 1 to 4 are from the main scarp over a length of 1,000 
feet or so. 7 to 10 are from central outcrops and 11 to 13 are 
from anew deposit, a mile t'urLhcr north and close to the gorge 
leading through the outer escarpment of the Bababudans to the 
low country. All of these are outcrop samples and run from 
01 to G5 per cent iron and about 0'02 to 0'05 per cent phos- 
phorus. No. 19 represents bands of hard haematite at a depth 
of 13 feet but sufficient work has not been done to show how 
numerous these bands are or to what extent the heavier out- 
crops continue downwards. 

In the valley in the middle of the deposit there is alluvial 
soil underneath which is a considerable thickness (14 lect- 
in places) of pebbles and small boulders represented by 
analyses 20 to 28. 

The foregoing account shows the very complex character 
of these deposits and without much fur- 

Ouantlty of Ore. L 

ther deep prospecting and sorting it is 
impossible to speak very definitely about quantities and grades. 
The following estimates refer only to the Kemmangundi field 
and must be regarded as tentative and arc, we believe, conser- 
vative. 

The area of the ferruginous deposits on the Kemman- 
gundi field Is almost 50 acres and the conditions noted as 
occurring beneath tire surface crust may be expected to con- 
tinue to depths of 50 feet and probably more. 

If we take an average depth of 25 feet the total tonnage 
would be nearly 4,000,000 allowing 2 tons per cubic yard, and 
the average composition about the following : — 

(a) Iron-57 per cent ; Silica-2 per cent ; S-0'05 ; 

p-o-oa 

About 50 per cent would have to be rejected as too fine 
and soft for blast furnace work and the remaining 50 per cent 
would be rather better throughout than the above average. 

This would give some 2,000,000 tons of usable ore out of 
which we might expect to get — 

M.R.M, F 
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GO 

(/;) 500,000 ions running 01 to 62 per cent iron and 

0'05 per cent, phosphorus. 
(c) 3,500,000 tons running 5G to 57. per cent iron and 
0'09 pet: cent phosphorus. 

From the smaller deposit, about 30 acres in extent, near 
the gorge about ! mile north of the former, wc might expect 
at least half those quantities, but as this lias not been pro- 
spected yet this is merely a general assumption. 

However from these two deposits we might expect three, 
quarters of a million tons with 0'05 per cent phosphorus and 
some two million tons with about 0"0U per cent of phosphorus 
or rather less. 

These are only two deposits out of a large number in the 
whole area situated at distances of from J to 10 miles from 
this point over rough hilly country. 

Until more is known about the sub- surface distribution 
of the harder and better ore we cannot 
be very precise as to costs. They must 
be adversely affected by the roughness of the ground and 
by the. fact that work will not he possible for more than 
five or six months in the year owing to the heavy monsoon 
conditions. 

If we assume that excavation and sorting will cost on an 
average lis, '2-8-0 to 3-0-0 per ] 00 cubic feet and that from 
this we get 1 ton of the better ore (b) this gives 3 is. 2-8-0 
to 3-0-0 per ton of ore. 

If this grade only was required the surface outcrops would 
be taken and excavation confined to the heavier bands or zones 
in which Ave might expect some 3 tons per cubic foot. This 
would reduce the above charge to from As. 1H to lie. 1. If in 
addition, as is quite probable, an equal quantity of ore of class 
(c) was also required the charge would come down still lower. 
Adding supervision and royalty we might consider that the 
cost will probably be between I and 2 rupees per ton according 
to the grade demanded and for subsequent estimate we will 
assume the higher figure. 
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The ore will have to be taken down the steep Keraman- 
gundi gorge, probably by a wire ropeway, and thence by a, 
light railway to a smelting works at Benkipur or Shimoga for 
which a transport charge of Tie. 1 per ton. may be added 
making the cost Rs. 3 per ton at the works with possibilities 
of some reduction. 

UMONITE ORES IN THE SHIMOGA DISTRICT. 

Some fairly extensive outcrops of; limonitie ore have been 
found in the Shimoga District in the altered ferruginous 
schists and ochres winch carry the manganese deposits. 

Three analyses of these are given in Tabic 7 of which 
Nos. 32 and 33 are from Shankargiidda and contain nearly OT 
percent phosphorus. No. 34 from Holmes' .Block near Kumsi 
shows that in some cases these ores are fairly low in phosphorus 
(0'02 per cent) and further prospecting may disclose some 
valuable bodies of such ore which would be of great value with 
charcoal fuel for production of low phosphorus irons. 

CIIIXAmutUG SCHISTS. 

Considerable bodies of soft limonite ores with some bands 
of harder haematites occur in parts of the Chitaldrug schist 
belt especially towards the western side in the neighbourhood 
of Karekalgudda, Bodimaradi and Chiknayakanhalli. Many 
of them are too soft and friable for furnace work, but con- 
siderable spreads of surface boulders of the harder hematites 
occur in places. These ores are far away from the railway 
and from fuel or any possible smelting site and have not been 
closely examined at present. Their use would be justified 
only if they possessed special qualities not obtainable as easily 
elsewhere. 

QUARTZ MAGNETITE ORES OF THE CHARNOCKITE SERIES. 

These have been found south of Halagur in the Malvalli 
Taluk not far from the Cauvery Falls. A couple of runs or 
dyke-like veins of these extend for a couple of miles north and 

M.R.M. F 2 
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south and are 10 to 15 feet thick. They are composed 
essentially of quartz and magnetite with subordinate amounts 
of hypersthene, amphibole, and garnet. They would require 
to be crushed and magnetically concentrated. 

Tests with a hand magnet gave 45'56 per cent of concent- 
rate containing 61'30 per cent of iron and 0022 per cent phos- 
phorus when crushed through 30 mesh ; (Analysis 39) . 
When crushed through 60 mesh the results were : — 

Concentrate = 54'95 per cent containing GG'37 per cent 
iron and 8'36' per cent insoluble residue. 

It is not considered that these ores are of value at 
present. What the results of commercial concentration would 
be are not known, but the ferruginous silicates present will 
render it difficult to obtain a very clean product and the cost 
of the concentrated ore will be high — probably at least Its. 7 
to 8 per ton at the mines. 

TITANIPEBOUS IRON ORES. 

A large number of outcrops have been found in the 
neighbourhood of Ubrani to the north of Tarikere and also in 
the Nuggihalli schist belt near Tagadur — south of Tiptur. 
They were investigated as possible sources of high class 
magnetites and haematites, but analyses showed the presence 
of much Titanium which renders them unsuitable for smelting 
work though they may possibly be of vise in a small way for 
production of special titanium steels. Analyses 35 to 39 show 
the composition of these ores and of the magnetic concentrate 
and residue from those near Tagadur. 

POSSIBILITIES OP UTILIZING THE OBES. 

Iron smelting on a small scale h^s been carried on in 
indigenous Smeitin* most parts of the State in past times as 

lndu5try " witnessed by the numerous slag-heaps 

most of which mark the sites of abandoned works. A few 
furnaces still exist but are hardly ever used and the industry 
may be said to be extinct. The processes of work, which 
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have been described frequently, consisted in the smelting of 
selected ore with charcoal in small furnaces a few feet in 
height. A blast is obtained by means of skin bellows and 
the result is the accumulation of a more or less melted mass 
of iron and slag — which is called a " bloom "—in the hearth 
of the furnace. The bloom is withdrawn, reheated and ham- 
mered to weld it into a solid mass and to remove slag and 
cinder. Jfc is cut up into convenient pieces of " wrought iron" 
from which implements are forged. When steel is required 
the wrought iron is cut into small pieces of ;f lb. weight and 
each piece put in a crucible with some charcoal and bits of 
wood and leaf oi' the Thangadi plant which is supposed to 
possess special virtue for the process. The crucibles arc 
sealed up with clay and heated in a charcoal hearth for 5 
hours with the result that the iron absorbs carbon by a sort 
of cementation process and is converted into steel. 

The steel produced is variable in character but often of 
high quality. The processes are wasteful and expensive 
compared with modern methods. 

The (operations have been examined and reported upon by 
various officers, but it is very difficult to arrive at any 
satisfactory estimate of costs. 

The following statement gives the average consumption 
of materials as reported; — 



Wrought 
Iron 




Iron ore 
tons 



1 ton of steel requires 

1 ton of wrought iron 

requires. 
1 ton of iron bloom 

requires. 



About 11'5 

3 '6 to 6'48 

2 to 3'6 



70 

As regards the charcoal : — 

To make 1 ton of bloom from ore requires 3 tons 
of charcoal. 
„ 1 ton of wrought iron from bloom requires 

VI b tons of charcoal. 
„ 1 ton of steel from wrought iron requires 
8 '25 tons of charcoal. 
Therefore to produce I ton of wrought iron requires 

altogether 8 tons of charcoal, 
and 1 ton of steel requires altogether 12 tons of 
charcoal . 
As regards costs it may be noted that the ore is allowed 
to be taken free, charcoal is cither free or a small seigniorage 
of about lis. 3 per ton is charged and sometimes a yearly tax 
of from Rs. 5 to 12 per furnace was imposed. These very 
variable charges are on i it ted in the following estimates which 
are based simply on the labour required for collecting the 
materials and conducting the smelting operations: the wages 
quoted arc very low, viz., lis. 40 to 50 per year per man. or 
considerably below present day rates. Under these conditions 
the averages of the various estimates which have been made 
come out as follows : — - 

Wrought iron. — Calculated cost Rs. 150 per ton 

Selling price Rs. 260 do 
Steel. — Calculated cost Rs. 490 per ton 

Selling price Rs. 723 ,, 
Apparently the work should be very profitable but the 
selling price is based on the reported value of small pieces 
sold locally and occasionally and cannot be considered as 
representing a fair or fixed market rate. The fact that all 
the furnaces have been moribund or closed down for some 
years past must, we think, be attributed to the fact that the 
material cannot be sold at a profit in competition with im- 
ported iron and steel which can now be easily obtained for 
less, not only than the selling prices given above but in most 
cases for less than the calculated costs of production. These 
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latter costs would be, we believe, materially increased if recal- 
culated on present day rates ol" wages and the chances of 
resuscitating the industry on a profitable basis appear to be 
definitely removed even allowing the ore and charcoal to be 
taken free. 

EXTORT OF ORK. 

The prospects of exporting the ores from the Eababudans 
a re not f a v o u r ab 1 e at p rose n t . If wc consider the c I o p os its at 
Kennnangundi and others within a couple ol' miles, such as 
those along the scarp overlooking Kantaveri and those around 
the south and west flanks of Kalhaftigiri, we may expect to 
obtain several million tons of ore running - r >7 to (>0 per cent of 
iron, 0'0r> per cent phosphorus and 2 per cent or less of silica 
and the value of such ore would probably be Es. 15 to 17 per 
ton in England. The phosphorus is the most important 
factor and the value of the ore would increase or decrease 
with this element. 

If we assume that this ore can he put on the railway at 
Sbimoga at Tvs. 2 to \\ per ton and that it can be put un 
board ship at a port on the "West Coast (Bhalkal for instance) 
for another lis. 2 we may take the cost f.o.b. Bhatkal at about 
.lis. 5 per ton leaving from "10 to 12 rupees for freight to Eng- 
land. This is rather below what freights have been in the past 
and the ore would probably cost one or two rupees per ton 
more than it could be sold for. The English prices may 
increase from time to time and mining costs may be some- 
what reduced and there is some possibility that both ends 
could be made to meet especially in the case of a company 
which required the ore for its own use and not for sale ; but it 
is obvious that it will require favourable circumstances and 
careful management to effect even this. Some of the other 
ores in the Shimoga District may prove to he better placed 
and permit of a reduction of the mining and transport charges 
to the extent of one or two rupees per ton and \x> is likely that 
some suitable ore may be found along the Western Ghats 
along certain tracts on the west of the ^himoga District which 
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have not been examined yet and which would be much nearer 
to the port. Neither the port nor the railway exists at pre- 
sent and export is a question of the future and the above 
figures are given merely to indicate the principal factors so 
far as our present information goes. 

SMELTING IN MODERN BLAST FURNACES. 

The ores of Mysore are sufficiently abundant and of good 
enough quality to be suitable for the manufacture of pig iron 
on a considerable scale, but unfortunately the supply of fuel is 
either too limited or too costly to permit of this being under- 
taken except within certain narrow limits. The fuel required 
is either coke or charcoal and the position with regard to these 
will be explained very briefly. 

Smelting with coke, — As there is no coal in Mysore it 
would be necessary to import either coal or coke and we 
may take it that coke will cost over Its. 30 per ton and will 
be considerably more expensive than charcoal. The pig iron 
would probably cost about lis. 55 per ton or about 2h times 
as much as at the Tata Iron Works at Sakchi where coke can 
be obtained at some Ks. 7 per ton. The pig iron so produced 
would be similar to that made at Sakchi and it would be 
impossible to sell the Mysore iron in competition with either 
the Tata iron or imported iron except within a very limited 
distance from the works and the very small demand within 
such limited area, say a few hundred tons a year, is too small 
to make the work possible at a profit. Good imported iron is 
quoted at Ks. (50 to 65 at Indian ports and probably sells at 
Es. 65 to 75. These prices could probably be reduced and 
the Tata pig iron could obviously be sold for considerably less, 
even in the south of India. It is obvious that Mysore pig 
iron costing some Rs. 55 at the works, nearly all of which 
would have to be sent to distant markets for sale, could not 
compete against these outside rivals. 

It may be worth while however to note that the opening 
of a port on the coast west of Shimoga would reduce the cost 
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of coke and that this might reduce the cost of the pig iron to 
Ba. 45 or even less. Even then there would be little chance 
for the sale of any considerable quantity and the fact is merely 
noted for reference in connection with the preparation of 
steel which will he discussed later. 

Smelting -with charcoal. — This stands on a different foot- 
ing from smelting with coke. Indian coke is fairly impure 
and contains 14 to .15 per cent of ash and the ash contains 
about O'U per cent of phosphorus practically all of which gets 
into the finished pig iron. 

Charcoal on the other hand is free from both ash and 
phosphorus and the pig iron produced is usually of a higher 
grade than coke pig and sells at a higher price. Swedish 
charcoal pig costs about lis. 75 f.o.b. Sweden, and would pro- 
bably be worth Ks. UO to 100 in Indian markets. At present 
very little is used in India but there is every reason to expect 
that a small output could be disposed of in India, Japan and 
Australia and that an industry could be developed in the manu- 
facture of special castings for which charcoal pig is required 
— such as engine cylinders, chilled car wheels, rolls, etc. We 
may therefore consider the amount of charcoal pig which can 
be produced and its cost. 

The amount which can be produced is limited by the 
steady supply of charcoal which can be 
obtained from the forests without permanent 
depletion. The Conservator of forests has estimated recently 
that an annual supply of 20,000 tons of charcoal could be 
maintained from the forests of Kadur and Shimoga. In 
order to obtain this about 100,000 tons of suitable wood would 
have to be collected annually from forests spread over a large 
area and it would be necessary to provide 150 to 200 miles of 
light railways or tramways to collect the wood and bring the 
charcoal to a smelting work situated, let us say, at Shinioga. 
The Conservator estimates that the charcoal could be delivered 
at Ks. 25 per ton. We may accept these figures for a pro- 
visional estimate though we are inclined to regard them as 
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conservative and any increase in the supply or reduction in 
cost would tend to lower the cost of the smelted iron. 

With 20,000 tons of charcoal we can produce some 

20,000 tons of pig iron and for this we 

might use three small furnaces of the Swedish 

type or one large furnace of the American type. The latter, 

if equally suitable in other respects, would be the more 

economical. 

The furnace with its accessories in the shape of hot blast 
stoves, blowing engines, cranes, ladles and buildings would ' 
cost about 9 lakhs of rupees on which interest and depreciation 
at 10 per cent would come to lis. 4'5 per ton on an output 
of 20,000 tons. 

The costs of manufacture may be apportioned as follows, 
approximately : — 

Cost of making Charcoal Iron. 

Output 20,000 tons per annum. 

1'65 tons of ore (Fe — GO per cent) at Es. 3 per ton ...Es, 4'95 
1 ton charcoal at Es. 25 per ton ... . .. ,, 2500 

5 ewhs. limestone at Its. 5 per ton ... ... , 

Lining and repairs to furnace ... ... , 

Interest and depreciation (10 per cent) ... ... , 

Supervision, labour and other charges ... ... , 

Total cost per ton of pi^ iron ...Its. 

According to these figures we can make charcoal pig iron 
at about Its. 45 per ton and it is probable that some of the 
items can be reduced in practice and that we might hope to 
get down to Its. 40 or even a little less. 

In the absence of an existing demand and reliable quota- 
tions for this class of material it is very difficult to say what 
the value of the product would be at the works, but it is prob- 
able that it would be worth from Its. 55 to 70 per ton. 
At an average of Its. 00 it might be regarded as sufficiently 
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attractive and there is a fair prospect that parts of the output 
made from specially selected ores arid sold for special purposes 
would fetch considerably more. 

The sale of pig iron is however only part of the scheme 
which contemplates the conversion of about half, or J 0,000 
tons, into stcc). The remaining 10,000 tons would partly be 
sold as pig and partly made into castings for special purposes 
on which work an additional profit might be expected. As 
will be shown later, the steel-making portion may be expected 
to be feasible and profitable and without allowing for very 
special grades and special prices the work as a whole may be 
expected to yield a fair profit on the output of 20,000 tons 
with considerable prospects of increase from the development 
of special lines of work. 

Before passing on to the question of steel-making we 
may very briefly consider the possibilities of smelting the ores 
electrically io.stead of depending entirely on our limited sup- 
plies of charcoal. 

ELECTRIC SMELTING OF 0111-:. 

Suggestions that electricity should be used for the smelt- 
ing of iron ore and other metallurgical purposes are very 
popular in Mysore and a few words as to the comparative 
values of electricity and charcoal fuel may not be out of place. 

The generation of electric power from waterfalls in 
Mysore is by no means very cheap. The water going over 
the falls is very variable and is reduced to comparatively 
small amounts during the dry months. Metallurgical in- 
dustry requires, as a I'ulc, a constant supply of power through- 
out tlie year and if a large amount is required it becomes 
necessary to provide large, storage reservoirs for the excess 
water which runs to waste during the rains and this means 
added expense. 

For the supply of power on a large scale the cost of 
generating the current is not likely to be Jess than 0'i anna 
per unit (Kilo-watt-hour) and where the power has to be 
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transmitted to a smelting works at a considerable distance 
from the generating station the cost is not likely to be less 
than 0'2 anna per unit delivered at the works. Under cer- 
tain favourable conditions a company might be able to obtain 
supplies from moderate distances (50 to 100 miles) at 0'15 
anna, but it must be remembered that the maximum amount 
which has to be provided for is not used continuously through- 
out the year and for the purpose of making a comparison we 
will take the minimum cost for the power actually consumed 
at 0"2 anna per unit which is at the rate of Es. 81 (JJ5-7-6) 
per Horse-Power Year. 

In any specific case the actual rate quoted or estimated 
can be readily substituted for this figure. 

In Norway and Sweden the work of recent years has 
shown that from 2,000 to 2,500 K.W. Hours are required to pro- 
duce 1 ton of pig iron from iron ore. With the Mysore ores 
containing 60 per cent of iron it is probable that the figure 
would be about 2,500 K.W.H. 

In addition about 7 cwts. of charcoal will be required to 
reduce the oxides of iron to metallic iron. 

About 15 or 10 lbs. of carbon electrodes will be required 
per ton of iron and these will cost aboiit 3 annas per lb. or 
Ks. 3 per ton of iron. Leaving out other charges we can now 
compare the relative costs of charcoal and electric energy :— 

To produce 1 ton of pig iron by charcoal Es. 

smelting requires 1 ton of charcoal 
costing ... ... ... 25 



To do the same work electrically we require — 

2,500 K.W. Hours at 0'2 anna ... 31'25 

7 cwts. charcoal at Es. 25 per ton... 8'75 
16 lbs. of electrodes at 3 annas 

per lb. ... ... 3"00 

Total 43-00 



Electricity is obviously much move expensive than char- 
coal. In order to make the former equal the latter it would 
be necessary to reduce the charge for power by Es. IB, (43 — 25) 
in which case 2,500 K.W. Hours would cost Es. 13'25 which 
is at the rate of 0'085 anna per unit which is, we believe, 
considerably below the cost at which it is possible to generate 
it in Mysore. 

At the rate of 0'2 anna per unit adopted above we may 
estimate the cost of smelting 1 ton of pig iron electrically as 
follows for an output of 20,000 tons per year :— 

Es. 
1'6T) tons of ore at lis. 3 per ton ... 4 '95 

7 cwts. charcoal „ 25 .., ... H'75 

7 cwts. limestone ,, 5 ... ... V75 

Electrodes 16' lbs. at 3 annas per lb. ... 3'00 

Electric power 2,500 K.W.H. at 0'2 annas 31"25 
Repairs and relining ... ... 2'00 

Interest and depreciation ,.. , ,. 4" 50 

Supervision, labour and other charges ... c J'0Q 



Total per ton of iron Es. 05'20 



This is very much higher than the estimate of Es, 45 for 
iron smelted in charcoal furnaces, and even with electric 
power at 0'1 anna pei unit the cost would still be higher, 
viz., Es. 50 or thereabouts. The plant for this work would 
cost about 9 lakhs of rupees and include 3 furnaces of 3,500 
horse-power each requiring about 7,000 horse-power to run. 

Under existing conditions the electric smelting of the 
ores appears to be out of the question not only because it is 
more expensive than charcoal smelting but because the actual 
cost per ton (Rs. 65) appears to be too high to permit of the 
iron being sold at a profit. 

STEEL-MAKING. 

For the manufacture of steel we believe that it will be 
quite feasible to use electricity even though the latter may 
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cost more than 0"2 anna per unit and aft a convenient figure 
on which to base estimates we will adopt a rate of 0*8 anna 
per unit equivalent to lis. 123 (£8-i-0) per Horse Power 
Year, 

It is possible to make steel direct from the ore— that is 
without making nig iron first and this has 

Steel direct from Ore. toi ° 

been discussed m Bulletin No. ;>.(') On 
the assumptions then made, with power at rather less than 
O'l anna per unit it was argued that the cost of steel might 
come down to from 88 to 105 shillings per ton according to scale 
of output. With figures now available and making 10,000 
tons per annum from 00 per cent ore with power (3,000 
K.W.H.) at 0-2 anna the cost would be about lis. 100 
(]33 shillings) per ton. The direct process is practically not 
in use and is not favourably regarded by most metallurgists 
and we can work cheaper by indirect methods. 

We have estimated that it costs lis. 45 per ton to make 
the pig iron in charcoal furnaces. For the 

Steel from Pig Iron L D 

purpose of conversion to steel it would be 
perfcrable to make a white iron rather than ordinary foundry 
pig and this could probably be done somewhat more cheaply, 
say, at Ks. 40 per ton, and we shall adopt this figure. 

The pig iron contains a little over H per cent of carbon 
and to make steel this has to be removed and the metal re- 
carburized so as to contain from 0"0G to 1*5 per cent of carbon 
according to the character of the steel required. At the same 
time impurities such as phosphorus and sulphur are removed. 
In order to save the cost of remelting the pig iron it is advan- 
tageous to have the refining furnaces close to the blast furnaces 
so that the molten pig iron may be transferred from the latter 
to the former without being allowed to cool or solidify. 
The molten pig iron might be poured, from a ladle directly 
into the electric furnace and there refined by adding iron 
ore, which would oxidise or burn out the carbon, but such 
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a process takes time and involves much consumption of 
electric energy. 

A better scheme is to pour the molten pig iron into a 
mixer or converter and blow air through it, thereby getting 
rid of the carbon and effecting a partial refining. This par- 
tially refined metal is transferred to the electric furnace with 
the addition of fluxes and the refining completed. The metal 
can be brought to almost any desired degree of purity. The 
consumption of energy depends on the impurities present and 
on the degree of purity required and the figures given below 
are based on the average conditions which may be expected 
to obtain in the production of high-class carbon steels. 

Without entering into the question of the type of furnace, 
we may take it that for an output of J 0,000 tons of refined 
steel L 2 furnaces of 5 tons capacity each will be required, one 
being held in reserve for the greater part of the time. The 
furnaces with their accessories will cost about Rs. 1,50,000, 
and the electric current can be generated at the works from 
the waste gases of the charcoal furnace. 

The following figures are based on Knropean practice :-— 

Ks. 

Cost of molten pig iron at Es. 40 per ton 
Cost of partial refining in converter 
Oxidation loss 
Klectric power for refining, 200 K.W.II. at 0'3 

anna per unit 
Klectrodes 
Bepairs and tools 
Fluxes and ferro-additions 
Interest and depreciation (10%) 
Supervision and labour 
lioyalty, not included 

Total por ton of steel ... 66*95 

The molten steel will therefore cost about Bs. 67. If 
there is much refining to be done the cost for power will ^o 
up, but it is reasonable to assume that we should be able to 
make steel suitable for high-class forgings, castings and tools 
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at an average of from Bs. G7 to 75 or say for £4-10-0 to £5 per 
ton. The cost of converting the molten pig-iron to steel is 
therefore Bs. 30 to 85 per ton. 

At the works, especially if casting, forging and machi- 
ning is carried on, a good deal of scrap will 
be produced and this would provide addi- 
tional work for the electric furnaces. In addition, it should 
he possible to purchase a certain amount of wrought iron and 
steel soup from railways, workshops, etc. The amount 
obtainable is not very large and would depend on the price 
that could be paid. We believe that it should be possible 
to obtain some '2,000 tons a year at a cost of Bs. 30 per ton 
and that the cost of melting and refining this would be about 
Bs. 80 or less. This would give an additional output for the 
furnaces, and every addition means decrease in standing 
charges. 

It may be noted that a small independent plant could be 
run on scrap for a production of about 
2,000 tons a year using a ( 1\ ton furnace. 
The costs would of course be higher than if the work was 
combined with the larger iron and steel plant described above 
and there would not he room here for both. It is however 
an alternative in case the iron smelting scheme is not taken 
up. The cost of the steel would be in the neighbourhood of 
Bs. 70 to 75 per ton and the subsequent operations of casting, 
forging, etc., would all be more expensive on the smaller scale. 
It is a difficult matter to assess the value of the products 
from the stool works. Much depends on 
the grade of materials produced and on the 
development of markets. The materials would all be of com- 
paratively high grades which are not being made in India at 
present, such as axle and tyre forgings, high-class steel castings, 
tool steel and steels for drills, jumpers, etc. Ordinary steels 
for rails, bars, sheets and rolled sections would be out of the 
question in comparison with similar materials made in India 
or imported. The market in India for the higher class 
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products is comparatively limited and we should probably have 

to seek outlets in the Straits, China, Japan and Australia. 
The following figures are very tentative: — 
Output of QfiOO tons per annum.— The products of the 

small scrap plant might be divided into 1,500 tons of forgings, 

castings, etc., valued at Rs. J 80 per ton and 500 tons of tool 

and bar steel valued at Rs. 250 per ton, 

With steel ingots costing Rs. 75 and allowing for expense 

of manufacture the former would cost about Rs, 140 and the 

latter about Rs. 170 per ton. We thus get the following 

estimate : — 

1,500 tons forging*, etc., valued Cost at Es. 140 = Rs. 2,10,000 

at Rs. 180- Rs. 2,70,000. I 
500 Ions tool unci bar steel; 1 Cost at Rs. 170-Rs. 85,000 

valued at Rs. 250- ' 

Rs. J ,25,000. Balance Rs. ] ,00,000 



Rs. 8,95,000 I Rs. 3,95,000 



This balance would have to cover part of interest and 
depreciation, and management and should leave a very fair 
profit. 

Output of 21,000 tons per auniim. — For the larger plant 
using steel converted from charcoal iron as well as scrap we 
might take the cost of the ingot steel atRs. 70, cost of forgings, 
etc., at Rs. 120, cost of tool and bar steel at Its. 150 and get 
the following : — 

11,000 tons castings, forcings, I Cost atRs. 120==Rs. 13,20,000 

etc., valued at Rs. ]75 = j 

Es. 19,25,000. 
1,000 tons tools, bar, etc., Cost at Rs. 150 = Rs. 1,50,000 

valued at Rs. 200= | 

Rs. 2,00,000. Balance ^Rs. 0,55,000 



Rs. 21,25,000 Rs. 21,25,000 



M.R.M. 
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The balance would have to cover interest, depreciation and 
management not already provided for and expenses of sale 
and a large proportion of it should be available for profit. The 
sale values depend on the quality of the products and the 
market demand for them and the figures adopted will be 
found, we believe, to err on the low side. There is little 
doubt about our being able to produce high quality and the 
only serious difficulty will be the finding of markets for the 
products at their proper values. High-class castings and for- 
ging* should be worth considerably more than Rs. 175 per 
ton and such items as tool steel, mining drills, jumpers, etc., 
should be worth Rs. 300 to 400 per ton. If markets are devel- 
oped so that a considerable proportion of the output can 
be sold at the higher figures the profits would increase enor- 
mously and that is the prospect which we contemplate as 
eventually possible. On the other hand, there will be un- 
doubted difficulty in securing these sales at first and much of 
the output may have to be got rid of at comparatively low 
prices in competition with poorer grades of material or to 
cover the expense of transport to distant markets and in view 
of this the average sale values have been estimated at fairly 
low prices. This is however largely conjectural and we cannot 
go into the matter more fully here; we have given our facts 
and assumptions and people with a knowledge of the business 
side can alter the items according to their knowledge and 
experience. 

SUMMARY. 

We have endeavoured to show that large quantities of 
good smelting ore are obtainable at a reasonable cost from the 
Bababudan Hills. There are some indications that better 
class ores, particularly in regard to lower contents of phos- 
phorus, may be obtainable in parts of the Shimoga District. 
These have not been located yet in any considerable quantity, 
but the question is one of very great importance as the value 
of the ore and the profits to be derived from the finished 
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products would be increased very materially if the phosphorus 
could be kept low, say below 0"02 per cent. The resources of 
the forests would appear to permit of the smelting of some 
20,000 tons of iron per annum of which half might be sold as 
charcoal pig iron or made into special castings and the other 
half converted to high grade steel in electric furnaces. 

To establish an industry of this size some 50 lakhs of 
rupees would be required of which 20 lakhs would be required 
for the iron and steel works and 80 lakhs for the charcoal kilns 
and light forest railways for collecting fuel and bringing in 
charcoal and ore. The 20 lakhs or so for the light railways 
would not be needed all at once, but could he called up as ex- 
tensions are required for tapping the various forests. 

The establishment of such an industry would have far 
reaching consequences and would materially assist in develop- 
ment of local manufacturing and industrial work. The fig- 
ures we have given encourage the view that the work would 
be profitable and if the finished products of really high grade 
can be maintained the profits should be materially increased. 
It cannot be too strongly insisted upon that the objects of the 
scheme should be to make and sell only high grade materials 
and that in view of the comparatively small scale of opera- 
tions, the high price of fuel and the absence of a local market 
it would be quite impossible to compete in the ordinary grades 
of commercial iron and steel which are now being made in 
India or imported. 

The establishment of a new industry in a new place and 
under untried conditions always involves many doubtful and 
difficult problems, and while recognizing this clearly we are 
still of opinion that a successful and profitable industry can be 
developed on the lines indicated provided that thoroughly ex- 
perienced supervision and business capacity is provided and 
that the sympathetic co-operation of Government is secured 
for the regular supply of charcoal and other facilities. 

M.B.M. G 2 
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Manganese. 

Manganese Ores. 

The manganese ores appear to be confined to the Chlo- 
rj tic or Upper Division of the Dharwar 

Distribution. 

Schists. None has been round m the 
Hornblendic Division. The ores are found in the Shiinoga, 
Kadur, Chitaldrug and Tumkur Districts and their distribu- 
tion is shown on the map by square dots. The dots repre- 
sent deposits or groups of deposits where appreciable quantities 
of ore have been found, even though it may not have been 
found possible to work them commercially owing to the grade 
being too poor. \n Table H a list is given of the principal 
deposits or localities where ore has been mined and the quan- 
tities exported to the end of 1 D1.4. In several cases no 
exports have been made, but ore has been mined and stacked 
which is either too poor to export or is awaiting more favour- 
able market rates. 

From the map it will be seen that most of the deposits 
are confined to two divisions, viz.— 

(1) the Shiinoga Division in which the deposits are 

situated in the schists surrounding the large 
mass of the Shimoga gneissic granite; and 

(2) the Ckitaldrug Division in which the deposits he 

near the western edge of the Chitaldrug schist 
belt in the Chitaldrug and Tnmkur Districts. 
In addition, some isolated deposits have been found near 
Hoskere and Halekal from which small quantities of ore have 
been obtained. 

In the Shimoga Division some of the most important 
deposits are situated along the crest of Slumkargudda ridge 
from lj to 3 miles south of the A 3393. For some years 
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after their discovery by Mr. Slater the results obtained were 
poor. Deeper work during the past two or three years has 
shown that the deposits arc fairly large and there are indications 
that several hundred thousand tons of marketable ore will be 
obtainable. The character of the ores is shown by the analy- 
ses in Table 11. 

Further south along the ridge at Adgadde and Hemmaki 
(near Mandagadde) small deposits of ferruginous ores have 
been found. 

In the large area of schists to the west of the Shankar- 
gudda ridge low grade ores have been found near Aranelli, 
Karkodlu and Puradkoppa most of which are high in iron and 
phosphorus. This area is worth further prospecting, but the 
heavy jungle and soil will render the location of deposits a 
matter of considerable difficulty and expense. 

Passing northwards a small amount of ore has been 
obtained near Choradi and some very ferruginous ores mixed 
with limonites at Tuppur, about 5 miles west of Choradi. 

To the north of Kumsi the schists swing round east- 
wards and the important deposits at Holmes' pit and Python 
lie about 4 miles N.N.E. of Kumsi. Over 200,000 tons of 
ore have been exported from Holmes' pit and there is still a 
large quantity to be obtained though the ore bodies appear to 
be petering out at a depth of 80 feet from surface. 

The Python pite lie about a mile east of Holmes' pit and 
are expected to yield a fair quantity of ] st and 2nd grade ore. 
It is probable that other deposits will be found in this neigh- 
bourhood, but soil and jungle render their location difficult. 
The deposits at Holmes' pit and Python were searched for and 
prospected for several years before the ore bodies were located. 
A little to the east of Python the schists swing north again 
and we come to a series of small deposits lying round the 
north of the Saulonga granite in the Shikarpur Taluk. These 
are situated in groups near the villages of Markande, ]t,tige- 
halli, Hosur and Ballur and some ore has been reported from 
the neighbourhood of Kaginelli. 
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Coming south again wc find a deposit at Bikonhalli, 5 
miles north of Shimoga, from which some 8,000 tons were 
obtained of cavernous and somewhat siliceous ore capping a 
small hill which is now exhausted. 

It may be noted that the better class ores such as those at 
Shankargudda, Choradi, Kumsi and Bikonhalli lie on an inner 
chain not far from the boundary of the Shimoga gneissic 
granite, while the outer chain embracing Karkodlu, Tuppur 
and the Shikarpur group contains, as a rule, low grade deposits 
high in iron "and usually particularly high in phosphorus. 

The other deposits of this division lie to the east of the 
Shimoga granite in the Channagiri and Tarikere Taluks. 
Amongst these may be mentioned a number of small deposits 
to the south of Joladhal, of which that at Hoshalli was the 
most important but is now abandoned. Here the ore went 
down nearly vertically in a banded or impregnated z:one some 
ti feet or so in width. At a depth of 40 feet the band was 
rather split up and not sufficiently wide or solid to justify the 
cutting back of the narrow excavation or the adoption of 
underground mining. 

The other places marked on the map are : — 
Bhadigund, 7 rciJes south of Joladhal. 
Shiddarhalli and Balekatte, 8 miles north of Tarikere- 
Mavinkere, 4 miles east of Masarhalli Kailway Sta- 
tion. 

The various pits at Shiddarhalli yielded over 10,000 tons 
of 2nd grade ore in which the silica was rather high and a 
good deal of sorting was required. Much of the ore was 
float in lateritic soil and clay some of which was pisolitic. 
Beneath the float were some bouldery ore bands dipping about 
30° to 40° to the north which were followed to a depth of about 
30 feet but were not sufficiently large to justify the large amount 
of excavation necessary to carry down the open workings. The 
area contains a good deal of manganese most of which is 2nd 
or 3rd grade ore and is contained in talus or float deposits; 
it is possible that deeper deposits of good ore exist which. 
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are covered by the heavy .overburden of soil and talus and the 
search for which would be expensive and largely fortuitous. 

In the Chitaldrug Division manganese has been found at 
many points along the western sides of the Chitaldrug schist 
belt, but the ores are mostly poor and highly ferruginous. 

A considerable group of deposits occur to the east of 
Jajur consisting largely of low grade talus material. On the 
ridges a few miles to the south there are indications of verti- 
cal bands of psilomclane in the schists, but not sufficiently 
strong to warrant either open work or underground mining. 
It is however an area which might well receive some further 
attention. Some ore has been excavated at Karckalgudda and 
Kenkcre, to the north-west of Madadkere, and recent work has 
shown that some fair quantity of fairly good ore may be 
obtainable with careful work and close attention to sorting. 
Much of the ore is mixed with limonifce. 

Other small deposits have been found at Chik Byalkere 
and to the cast of Chiknayakanhalli. 

A small quantity of ore was obtained at Narsihalli, 
Karakurchi and Dodguni and recent prospecting work sug- 
gests that considerable quantities still await development, some 
of which will be of fairly good grade, and work is now being 
proceeded with by the Peninsular Minerals Company. 

The ores of this area are associated with iron ores and 
large quantities of low grade ferruginous ores appear to exist 
and it is possible that deeper prospecting will disclose further 
quantities of higher grade ore. Most of the high grade ore at 
present developed in said to be pyrolusite. 

The following table gives the total quantity of ore export- 
ed from the various Districts from 1906" 
° atput ' to the end of 1914. 
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Table 9 — Quantity of ore exported from J906-J4. 



Year 


Export 
Tons 


Royalty 














Shimoga 


Chitaldrug 


Tuinkur 


Kadur 


Total 




1900 


36,534 


11 


4,117 




40,662 


Rh. 
15,743 


1907 


53,241 


020 


10,866 


4,698 


69,7-25 


26,550 


1908 


47,038 


1,212 


4,172 


2,M8 


51,570 


20,464 


1909 


10,135 


9,607 




3,389 


29,131 


8,784 


1910 


28,349 


1,029 






29,37y 


18,052 


1911 


13,081 




1,B02 




14,943 


5,604 


1912 


24,035 




702 




24,737 


10,286 


1913 


23,742 


10 


50G 




24,318 


9,851 


1914 


19,377 








19,377 


4,817 


Total ... 


201 ,532 


12,789 


22,285 


10,235 


806,841 


1,20,151 



Geological occurrence. 



We cauaofc devote much space to this intricate and often 
obscure problem. Those who desire fur- 
ther information may be referred to Dr. 
Fermor's valuable Memoir on the " Manganese Ore Deposits 
of India" ( z ) and to the summary of his views in the " Quin- 
quennial .Review of the Mineral Production of India "( 2 ). 

In Mysore the deposits appear to be confined to the 
chloritie series of the Dharwar schists and to have resulted 
from the alteration of these schists to a comparatively small 
depth from surface. The manganese probably occurred origi- 
nally iu certain of those schists in minute quantities in the 
form of manganese, bearing silicates. The various silicates of 
the schists were subsequently broken up by the action of 
circulating waters and solutions giving rise to solutions con- 
taining manganese, iron, etc., from which the oxides of 
manganese and iron were deposited in segregated patches, 



( l ) Memoirs of the Geological Survey of India, Vol. XXXVII. 
( a ) Records of the Geological Survey of India, Vol. XLVI. 
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lenses, bands or veins in sufficiently concentrated masses to 
form ores. In these segregated patches the original schist 
has been removed and replaced by the manganese and iron 
minerals to a variable extent and we get various earthy ores, 
wads, etc., hardening up in places by addition of further 
mineral matter to rich ores. Local conditions, of which we 
have no knowledge, have determined that in places the manga- 
nese is deposited by itself forming manganese ore and in other 
places the iron segregates to itself forming iron ore, while 
between these types there has been a very extensive formation 
of mixed ores in which the relative proportions of manganese 
and iron vary widely. It is not possible to say how deep the 
original solvent action may have extended, but it is probable 
that the concentration and formation of these ore masses is 
confined to comparatively shallow depths probably within 
100 to 200 feet from surface and it is doubtful if any of the 
Mysore deposits will exceed 100 feet or so in depth. At Knmsi 
ore is now being worked at over 80 feet below surface and there 
are signs that the ore bodies arc changing and petering out. 

The ores are frequently associated with banded ferrugi- 
nous quartzites and it has been suggested that the alteration 
of these rocks may have given rise to the ores. It is true that 
these rocks are sometimes veined and impregnated with 
manganese and that much altered remnants of them are found 
in the banded ochres and altered schists in which the manga- 
nese ores occur. As one of the members of the schist scries 
they may have contributed their quota to the manganiferous 
solutions, but the proportion was probably not large compared 
with that from the large masses of altered schist with which 
they are associated. 

The larger deposits in Mysore occur on ridges or compa- 
ratively high ground and the presence of the highly resisting 
quartzites has in many cases determined these elevations and 
preserved the ores and the soft ochres from denudation and 
the relationship of the quartzites to the ores may be protective 
rather than genetic. 
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A number of the smaller deposits occur on the slopes and 
on the lower ground and these appear to be largely of the 
nature of detrital or talus deposits derived from the breaking 
down of ores once situated at a higher level. Ores have been 
found in situ beneath some of these talus deposits, but they 
have not been proved to be extensive and may represent the 
remnants or roots of larger lenses or bands the greater portions 
of which have been worn away. 

Lateritic material is frequently associated with the ores. 
In some cases, as at Shankargudda, this 
appears to be genuine laterite formed in 
situ on the surface of the altered schists. On parts of the 
ridge thin ore bands alternate with ochre and altered schist 
and the laterite has eaten its way down between the ore bands. 
Fragments and lumps of ore remain in the laterite and while 
these have been to some extent dissolved it is probable that 
some of them have, at some period, formed centres or nuclei 
for the segregative deposition of further quantities of manga- 
nese. The breaking up and denudation of these lateritic 
masses (or lattritoid as Ferrnor calls them) and of exposed 
ochres and ore bands have given rise to numerous talus depo- 
sits on the slopes or lower ground in which large lumps and 
nodules of ore are irregularly distributed in ferruginous clay 
and gravel which is often reconsolidated into lateritic material 
of secondary origin. These talus deposits and the soil associ- 
ated with them aTe often very full of gravel consisting of rounded 
and concentric pisolites of limonite with variable amounts 
of manganese. Some of these are derived from the weather- 
ing of pisolitic ore and some correspond to the ordinary lateritic 
gravel which is so commonly found as detrital material derived 
from typical laterite. In the latter case the pisolites do not 
exist in the laterite itself, but are produced by the breaking up 
and rounding of small veins or segregations of limonite with 
subsequent coats of limonitic ore deposited round them. 

At Holmes' pit, Kumsi, there are large masses of low grade 
pisolitic manganese ore, fractured into lumps, between which 
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Grade and Composition 
of Ores. 



the ore has altered to highly ferruginous material which is 
becoming cavernous and lateritic in appearance. 

In Table 11 is given a selected list of analyses which have 
been kindly furnished by the licensees of 
the various blocks. The list is less com- 
plete than could be desired, as in many cases shipments have 
been made of mixed ores from several blocks and complete 
analyses are not available for many of the separate deposits. 
When considered in bulk the ores are considerably lower in 
manganese than those from the Central Provinces. The 
greater portion consists of psilomelane the lower grades of 
which are frequently pisolitic. There is a fair amount of wad 
passing into psilomelane, some pyrolusite much of which is 
cavernous, rather friable and powdery, and some manganite 
and other undetermined varieties. 

The grading of the ore is an arbitrary matter and the 
following table shows the approximate limits adopted in the 
Central Provinces and in Mysore. 

Tablk 10 — Grading of Manganese Ores, 



Central Provinces 



Mysore 



1st g 


•ade 


2nd 


>» 


3rd 


w 



... 50percentMn. 47-T/2 percent Mm 
48-50 „ ... 42-47 
45-48 „ ... ! 38-42 



According to this the Mysore ores are relatively about 
one grade lower than those of the Central Provinces in 
manganese contents and many of the former would be classed 
by Fermor as Ferruginous Manganese Ore or Manganiferous 
Iron Ore. 

On the other hand, the low silica and phosphorus in the 
Mysore ores and their good smelting qualities raise their value 
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and justify the better class ore being regarded as 1st grade 
even though it may average only about 48 per cent Mn. 

From Table 11 it will be seen that in addition to much 
local variation there are some general variations in the ores 
from different localities. The ores from round about Joladhal 
in the Channagiri Taluk and Shiddarhalli in the adjoining 
Tarikero Taluk are remarkably low in phosphorus often under 
O'Ol percent. Much of this ore is low in manganese and high 
in iron and some fairly high in Silica. At Holmes* pit, Kumsi 
Taluk, the phosphorus is low, averaging about 0'04 per cent, 
and is still lower in the Python deposits close by. 

At Shankargudda both phosphorus and iron are higher than 
at Kumsi and average about 0'07 per cent and 10 to 12 per 
cent respectively. The ores at Karekalgudda and Kenkere in 
the Hosdurga Taluk appear to be somewhat of the same class. 
At Karkodlu and other small deposits in the TirLhahalli Talnk 
and in the small deposits around Itigehalli, Hosur and Eallur 
in the Shikarpur Taluk the phosphorus is much higher than 
elsewhere and runs from about 0"1 to 0*25 per cent and the iron 
and silica is also high. 
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The workings at Kumsi and Shankargudda have shown 
that a notable improvement in grade 

Improvement In Depth. 

occurs at several points at a small depth 
below surface below the 3rd grade ores, many of which are 
pisolitic. Analyses 9 to 11, 12 to 14, 15 and 1(3, 19 and 20 show 
this improvement and we have been informed recently that the 
ore in some of the laterite which averaged about 30 per cent 
manganese has now been succeeded at a depth of 25 or more 
feet by ore running 45 to 4G per cent manganese. Tt is interest- 
ing to note also that much of the float ore in lateritic soil and 
gravel is of comparatively low grade and that; beneath it ores 
of better grade have been found. This is particularly the case 
when the float is composed of pisolitic ore and it seems to be 
the rule that the pisolitic ores when in situ are restricted to the 
more superficial portions of the deposits. The origin and re- 
lationships of these pisolitic ores are still very obscure, but 
from the point of view of practical prospecting it is important 
to find that low grade float and surface ores are sometimes 
underlain by higher grade ores and that surface trenches to a 
depth of 10 feet or more may reveal only poor ores and cause 
abandonment of work leaving better ores below undetected 
and untouched. 

The cost of winning the ore and .taking it to a market is 

a very variable one and depends on the 

Cost of Ore, . 

character ol the deposit, distance from a 
railway and freight charges. The following figures for the 
Central Provinces are given by .Fermor. (') 

Contractors are paid from Es. 30 to Ks. 60 per 1,000 
cubic feet of stacked clean ore. At 16J cubic feet to the ton 
this comes to eight annas to one rupee per ton of ore. An 
additional payment of Rs. 5 to Es. G per 1,000 cubic feet of 
excavation is made to cover the cost of removing waste 
material the proportion of which to ore varies very consider- 
ably. This charge may amount to from one anna to one 



( ! ) Memoirs of tbo Geological Survey of India, Vol. XXXVII, Chapter XXIII. 
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rupee per ton of ore making the contract charge 9 annas 
to Us. 2 per ton. Dead work, plant, tools and adminis- 
tration may vary from 8 annas to Rs. 1-8-0. Transport 
to railway by cart costs 2A to 2£ annas per ton mile and load- 
ing into railway waggons 1 to 1J annas. Various wharf dues 
at Bombay vary from 11£ annas tolls. 1-8-0 and at Marmugoa 
Rs. 1-3-0. 

Ocean freights including insurance have varied from 
Rs. 12 to 15 and charges at destination run from 14. annas to 
Es. 1-11-0. 

These charges are assembled in Table 12 to give an 
idea of average cost of ore c.i.f., English and Continental 
ports. 

In Mysore we have comparatively few figures relating 
to large consignments of ore. Those despatched by the 
Workington Iron and Steel Company go mainly to their own 
works in England while much of the ore obtained by other 
licensees has been sold at contract prices on the railway or at 
Marmugoa. 

At Kumsi and Shankargudda in the Shimoga District, 
where the most extensive workings are situated, the average 
contract rate is about Rs. 2-2-0 per 100 cubic feet of exca- 
vation excluding preparation of site, removal of surface soil, 
etc. The cost per ton depends on the relative amount of ore 
and waste or muttL Except in the case of talus deposits the 
ore bands and lenses are usually steeply inclined and in order 
that a fair proportion of ore may be obtained it is necessary 
that the ore bodies should be wide or that several bands 
should be sufficiently adjacent to be included in one pit. At 
Kumsi the heavier ore bands yield about 3 tons per 100 cubic 
feet and the average is about 1£ tons of marketable ore, i.e., 
excluding large quantities of low grade ferruginous ore. At 
Shankargudda the quantities are rather higher, say 3£ and 2 
tons, respectively. The average contract rate at Kumsi is 
therefore about Rs. 1-6-0 per ton and includes mining, sort- 
ing and removal of waste. 
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Supervision, tools, plant and loading costs Re. 1 to 
Bs. 1-2-0. 

Transport on tramway (27 miles) to Shimoga includ- 
ing maintenance, running costs, loading and unloading, 
Rs. 2-3-0. 

Administration, office, royalty, etc., Rs. 1-0-0. 

Rail to Marrnugoa and port charges, Rs. 0-8-0. 

Sea freight and insurance, Rs. 12-12-0. 
The figures for the Central Provinces and Mysore may 
be put in the following tabular form :— 



Table 12 — Cost of Manganese Ore per ton. 





Central Proline 


PS VI 


a Rom buy 
Average 


Shirnoga 
(Mysore) 






Limits 


via iVlnr- 

rnugoa 




Em. 


a. Rs. 


A. 


Rk 


a. 


Rs. a. 


Mining work 
Supervision, tools, etc. 
GfeueraJ administration 
Transport tn railway 
Railway fivi^ht 
Handling at port 
Agents' commission 


K 
7 


N 


io 4 

1 to r» 
G to 8 

ioj to l 

1 to 





ir> 

H 
■1 


: 

8 
1 



12 

H 


4 
2 


I u 
1 1 

1 G 

2 3 

} 6 8 
2 



Cost f.o.b. at port 

Sea freight and insurant 

Oosti nation charges 



9 o> to 19 11 l:) 10 12 10 

9 to 10 ! 12 12 12 

14 to 2 I -1 1 4 

I I 



Cost c.if. fit destination 



21 8 to 36 11 



26 14 2fi 10 



The ore from Kumsi therefore costs about Rs. 6 per ton 
at Shimoga excluding interest on the cost of the tramway 
which may raise it to Bs. 7 per ton. Such charges as interest, 
administration and tramming depend largely on quantity and 
due allowance must be made for this. In cases where bullock 
carts have to be used the usual rate is four annas per ton mile 
and the cost of ore from such properties as Shiddarhalli and 
Hoshalli, situated up to 15 miles from the railway at Tarikere 
or Benkipur, used to come to some Bs. 8 or 9 at the railway 

M.n.iu, i-i 2 
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station. Wc may take it that ore from the various mangani- 
ferous areas in Mysore will usually cost between ]2 and 15 
rupees per ton f.o.b. Marmugoa and the question whether it 
can be sold at a profit or not depends mainly on the market 
rate and on sea freights. 

Manganese ores are sold on a basis of so many pence or 
annas per unit of manganese contained 

Value of Ore, . 

m the ore — the number oi. units being 
equal to Die percentage of manganese. 

The sale value of a ton of manganese ore containing 48 
per cent of Mn. when the market rate is 10 annas per unit is 
48x10=480 annas, or Ks, 30. The market rate varies for 
1st, 2nd and 3rd grade ores and there are certain restrictions 
it the silica exceeds 10 per cent or the phosphorus 0'J per 
cent. 

The market rates have varied very considerably during 
the past few years. 

Jn 1900-07 the rate for 1st grade ore rose to between 
15 and 16 annas per unit and there was a considerable boom 
in mining and prospecting for manganese. 

Jn 1908-09 the rate fell to about 9 annas and work be- 
came much restricted as many of the ores could not be ex- 
ported at a profit. 

Jn 19] 3 it rose to between .11 and 12 annas but these 
better prices were discounted by high shipping freights. There 
was a fall again in 1914„and since then war freights have 
rendered shipments almost impossible. 

As already pointed out much of the Mysore ore is 2nd or 
3rd grade and the rates for these run about one anna per 
unit less for each successive grade. If 1st grade is 9 annas, 
2nd grade will be about 8 and 3rd grade about 7 annas per- 
unit. Assuming according to Table 12 that the Mysore ore can 
be delivered in England or Europe at a cost of Ks. 27 per 
ton or 432 annas— 

a 48 per cent ore will cost W 2 = 9 annas per unit and 
cannot be sold at a profit unless the market rate exceeds 
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9 annas. For lower grade ores the position is still worse and 
it is obvious that the majority of the Mysore ores require 
either high rates or low working expenses and freights to 
make them profitable. In some cases a rate of 2J to 5 annas 
per unit may be obtained for the iron in the ore and if silica 
and phosphorus are low it may sometimes be possible to ex- 
port ores containing 40 per cent or less of manganese under 
favourable conditions. 

UTILIZATION OF MANGANI-SK OHE. 

Manganese ore is put to a large variety of uses of which 
the preparation of various alloys of iron and manganese known 
as spiegel -eisen and ferro- manganese is far the most important 
and takes some 80 to 90 per cent of the whole output of Lhe 
world. Manganese is also added to steel up to a proportion 
of 20 to 30 per cent and yields a materia] combining great 
toughness and hardness which is used for special purposes 
such as tramway points and crossings, rock-breakers, rolls, 
gun shields, etc. Various bronzes and oilier alloys are made 
with copper, aluminium, zinc, etc. 

As an oxidiser manganese is used for the preparation of 
chlorine and bleaching powder, decolouring glass and manu- 
facture of permanganates. It is used as a colouring material 
for calico, glass, pottery and paints and for various minor 
chemical and manufacturing purposes. 

Alloys of iron and manganese containing from 12 to 30 
per cent manganese are usually called 
M2SSE2;e! wnB,ldFerre " spiegebeiscn and those from 30 per cent 
upwards are called ferro-manganese. 
The most usual alloys are 12 and 20 per cent spiegel and 80 
per cent ferro and these are made by smelting manganese ores 
with coke in blast furnaces, in much the same way as pig iron 
is smelted from iron ore, only that the output of the furnaces 
is much less and the consumption of fuel much greater than 
in the manufacture of iron. Spiegel contains 4 to 5 per cent of 
carbon and ferro 6 to 7 per cent of carbon and they are added 
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to molten steel, cither in the furnace or in the ladle, in order 
to recarburi/e the steel to the extent required by the manu- 
facturer. Spiegel is used chiefly for steel made by the Bes- 
semer process and ferro in open hearth steels. 

In addition to the recarburizing action the manganese 
purifies the steel by removal of oxygen and most of the 
manganese is converted to oxide and passes into the slag. It 
is usual to add sufficient alloy to leave a small excess of 
manganese in the finished steel to improve the rolling. On 
the average a total of about 3 per cent of manganese is re- 
quired per ton of steel made and this accounts for the greater 
portion of the total production of manganese ore. 

With the exception of a few thousand tons of ore used in 
the iron and steel furnaces in India as a 

manufacture In India. 

desulphuriser, practically the whole of 
the Indian output is sent to Europe where the greater part is 
converted to spiegel and ferro. The market value of the 
spiegel and ferro is probably from 3 to 5 times the value in 
India of the ore from which it is produced, The latter value 
has averaged over Rs. 1/20 lakhs annually during the past 5 
years and the difference between this and the value of the 
manufactured article is represented as a very serious economic 
loss to India which could be reduced by manufacture in India on 
a large scale. Fermor has discussed the problem of manufac- 
turing ferro at Bini on the Bengal- Nagpur Railway from the 52 
per cent ores of the Central Provinces on the following basis : — 
Materials required. Rs. a. p. 

1-9 tons ore at Rs. 22-8-0 per ton ... 42 12 

2'5 tons coke at Rs. lu' per ton ... 40 

I'O ton limestone ... ... 5 



Total materials .. 87 12 



If we add Rs. 12-4-0 for fixed charges, labour, etc., the cost 
of manufacture comes to Rs. 100 per ton which is about equal 
to the cost of manufacture in England with imported ore. 
To send the ferro to markets in England and Europe would 
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probably cost Ps. 30 [or rail and sea freights, flues, etc., and the 
cost of packing in barrels would probably be considerable and 
the prospects of selling at a profit in those markets does not 
seem very promising. Jn America the price is said to have 
averaged Ks. 101-12-0 from 1901-1907 and it would seem that 
even after allowing for packing, transport charges, etc., it 
should be possible to deliver Indian ferro at Pittsburg for less 
than that price, but the same argument would apply to ferro 
manufactured in England and the shipping expenses would 
probably be less from "England than from India. Since the 
period quoted the average import value into America has been 
considerably lower — about Ps. 150 in 1913. It is possible that 
a material reduction might be made in the cost of ore and coke 
especially in the case of a company using its own ore and fuel 
and the problem is worth further attention in specific cases. 

There is very little demand for ferro in India itself, pro- 
bably not more than a con pic of thousand tons a year, but it 
will probably increase somewhat m the near future. No doubt 
this could be supplied from India at a considerably lower figure 
than it can be imported for. The imported ferro costs some 
i>10 to 11 per ton f.o.b. English ports to which must be 
added some lis. 40 for transport, dues, import tax, etc., mak- 
ing the cost in India about Ps. 200 per ton. 

The most serious point for consideration \s the high per- 
centage of phosphorus in the Indian ore and coke, The oro 
from the Central Provinces contains about O'OD per cent P and 
Indian coke, such as that used at Sakchi, contains some 11"7 
per cent of ash carrying, 0'93 per cent P. Coke with lower 
phosphorus may be available, but if we take the above figures 
and assume that all the phosphorus goes into the ferro we get 
the following figures ; — 

P9 tons ore (0*09 per cent P) =0-0017 tons P 
2*5 tons coke (0136 per cent P) =0*0034 „ 



Total ... 00051 

or 0'51 per cent P in the finished ferro. 
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It has been stated that it is not desirable that the P 
should exceed 0'22 per cent in an 80 per cent ferro and though 
doubtless this amount is often exceeded the fact of a very 
large increase as indicated above would diminish the value 
of the local ferro or cause a more expensive ferro to be 
preferred. 

It has been necessary to consider the above few facts in 
connection with our gigantic neighbour 

Manufacture in Mysore. . „ ..... 

before discussing possibilities in Mysore. 
If we had to enter into competition with a product made in 
British India on a large scale the position would be hopeless 
just as it is hopeless for Mysore to make ordinary pig iron in 
competition with Sakchi. Just as in the case of iron and steel 
the only chance for Mysore lies in the production of a high 
class product and we have two factors which favour this, 
viz :■ — an ore low in phosphorus (0"05 per cent or even less) 
and charcoal fuel which is practically free from phosphorus — 
with the result that we could produce a ferro (77 per cent) 
with not more than O'l per cent P. 

We will assume that charcoal can be obtained although, 
as pointed out already, the supplies are 

Charcoal Smelting. * 

small and may all be required lor iron 
smelting. We will also assume that ferro and spiegel can be 
smelted in a charcoal furnace though we have no definite 
information that this has been done. 

A good deal will depend on the cost of ore, but if the 
smelting is done by a company like the Workington Company 
using its own ore the cost may be taken at Bs. 7 per ton at 
Shimoga for higher grade and Rs. 5 for lower grade. 

The following approximate estimates contemplate the pro- 
duction of 5,000 to 8,000 tons of 77 per cent or GO per cent 
ferro or 10,000 tons of 30 per cent spiegel. 

For 77 per cent ferro we assume ore containg 48 per 
cent Mn. and 8 per cent Fe. 

For 60 per cent ferro we assume ore containing 85 per 
cent Mn. and 17 per cent Fe. 
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For 30 per cent spiegel we assume ore containing 30 per 
cent Mn. and 24 per cent Fe. 

Table 13 — Cost per ton of Ferro and Spiegel in Mysore. 
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The figures for management, interest, etc., are somewhat 
problematical and depend on quantity and on combination of 
the work with other work, but the variations which might 
arise are not likely to total more than a few rupees per ton. 

The production of a 77 per cent ferro might not be advis- 
able as we have not a very large supply of the higher grade 
ores and to use them locally might very seriously interfere 
with the export of much larger quantities of lower grade ores 
which the former help to bring up to a marketable standard. 
On the other hand the use of ores containing 35 per cent Mn. 
or less for the production of lower grade ferro and Spiegel 
would be an unmixed blessing as these ores are practically 
useless for export and are often a waste product of the mining 
work . 

Assuming that the smelting work is technically possible 
it remains to enquire whether we can sell these products at 
a profit. It is very doubtful if the products could sell in 
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European markets unless specially high prices were offered on 
account of the low phosphorus (O'l per cent or less). To the 
cost price at Shimoga must be added : — 

lis. 
Kail way charges to Marmugoa ... 7 

Freight and insurance ... ... '20 

Charges at destination ... ... H 

Tacking (cost not known) ... ... 5 

35 

For the 77 per cent and fiO per cent fcrros this lis. 35 
will have to be added making the c.i.f. costs in England 
Rs. 131 and 117, respectively. In the case of the spiegel if 
packing is unnecessary we may reduce the freight by lis. 5 
and packing by Rs. 5 making the addition for transport, etc., 
Us, 25 and the c.i.f. cost of the spiegel lis. 90. In England 
the sale price cf 80 per cent fcrro is about ,iJl) or lis. 135 per 
ton and that of 30 to 35 per cent spiegel about .£5 to 6, or 
lis. 75 to 00, per ton and it would therefore seem that the 
Mysore products could not bo put on the market at less than 
the general selling prices so that no profit would remain un- 
less special prices were obtainable. 

There is practically no demand for B0 per cent ferro. We 
might sell a couple of thousand tons of 77 per cent in India 
in substitution of the 80 per cent now imported. The latter, 
as shown above, costs about lis. 200 at Hakchi. 
Mysore 77 per cent would cost :— 

lis. 

At Shimoga ... ... 96 per ton. 

Transport to Sakehi ... 25 

Total ... 121 



and this should leave a good profit even if costs went up 
owing to smaller output. 
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It would be more advantageous from many points of view 
if the steel works would use GO per cent l'erro and we do not 
think there is any real difficulty in doing so in open hearth 
furnaces. 

The 60 per cent ferro would cost :— 

lis. 
At Shimoga ... H2 

Transport to Sakchi ... 25 

Total ... 107 



It would be necessary to use J J tons of 00 per cent, cost- 
ing Ks. 1-18, to replace 1 ton of 80 per cent, costing lvs. 200, 
which still leaves a good margin for profit. 

In the case of places like China, Japan and Australia 
transport ought not to cost more than the figures given above 
for England and we should therefore be able to land the My- 
sore products there at about makers prices in England with 
the packing and transport charges from England in our favour 
in the shape of profit. 

These various suggestions are, we think, worth the atten- 
tion of practical men, but as the technical and commercial 
problems involved are intricate and rather obscure we do not 
feel justified in recommending definite action without further 
advice. 

It must not be forgotten that the supply of charcoal is 
limited and that the whole of the reputed supply has been 
allotted to the iron smelting scheme already discussed. It 
would be safer and sounder to embark on the iron scheme 
than on ferro and the latter might come in as an adjunct if 
the opening up of the forests shows that sufficient charcoal 
can be made available. 

In default of sufficient charcoal would it pay to use 
electricity? For several years the use of electricity has been 
suggested and considered. 
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Specially high grade ferro is made in electric furnaces ia 
Electric smelting of Europe for special purposes and fetches 

90 to 95 per cent Mn. and less than 2 per cent, or even 1 per- 
cent of carbon and sells at prices up to £ 100 or more per ton. 
The demand is, however, very small and is probably insuffi- 
cient to keep a single furnace running for one tenth of its 
time. 

The question we have to consider is whether we can pro- 
duce a good or superior ordinary ferro at a price which will 
compete with charcoal smelting or at a price which wiJI pay. 

The following figures are based on such information as 
we possess, but the consumption of power and electrodes are 
doubtful points. 

Table 14- — Cost of Electric Ferro {ordinary 77 per cent), 

2 tons ore at Ks. 7 

7 cwts. charcoal at Ks. 25 ... 

7 cwts. limestone at Ks. 5 ... 

(3,500 K..W. Hours at 0'2 as. per unit 

Electrodes 

Repairs and relining 

Management, labour and sundries 

Interest and depreciation ... 

Total 

Thus with electricity as low as 0*2 anna per unit the cost 
is Ks. 37 more than for charcoal smelting. 

The quality might be superior and fetch a higher price 
than ordinary ferro, but even at the above cost we could place 
the product at Sakchi at Ks. 158 per ton as against Ks. 200 
now paid. It looks as if such a process might have some 
chance of success if the power can be obtained at a simple 
meter rate of 0"2 anna per unit at Shimoga, but we are 
doubtful if this can be done. 



Rs. 


a. 


P- 


. 14 








8 


12 





. 1 


12 





. 81 


4 





(> 








. 5 








9 








7 


4 





133 









109 

It would be possible also to place an electrically made 
60 per cent ferro at Sakehi for less than the equivalent now 
paid and this, as already pointed out, would be advantageous 
to Mysore. 

In the event of the establishment of an electric steel 
refinery it would be possible, with the 

Other Ferro Alloys. * . L J 

addition of suitable furnaces, to conduct 
large scale experiments in the production of various ferro 
alloys which might lead to commercial production on a small 
scale. Amongst these may be mentioned manganese-steel, 
ferro- silicon (Fc, Mn) sihcon-spicgcl (Fe, Mn, Si), ferro-chrome 
(Fe, Cr), fen.'0-titanium (Fe, Ti) and special titanium steels. 
The quantities which could be disposed of commercially would 
no doubt be small and the standing charges would be too high 
to render such work profitable if taken up as a separate enter- 
prise, but it is quite within the bounds of possibility that some 
of these products could be made at a profit as accessories to 
the larger work contemplated for steel refining. 
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Chromium. 

The various alloys and compounds of chromium used in 
the arts are obtained from the mineral Chromite or Chrome 
Iron Ore. 

Chromite is a black to brownish non-magnetic mineral 
composed of the oxides of chromium and aluminium combined 
with oxides of iron and magnesium [(Ci^AI^O^ (MgFc)()]. 
The relative proportions of the various metals present vary 
considerably and the mineral is often associated with iron ores 
in which the amount of chromium may be only a few per cent. 
High class chrome ore contains from 50 to 58 per cent of 
Cr. 2 3 ; the ore becomes less readily saleable as the proportion 
of chromium oxide decreases and there is little demand for 
ore containing less than 42 per cent with 5 per cent or more 
silica. 

Chromite has been found during the course of survey 
work at many places in the Hhimoga, 
^retribution . nd Occur- Hassan and Mysore Districts. In most 
places it occurs as grains in altered 
amphibolites, pyroxenites and dunite but too sparingly to be 
of commercial value. It occurs more abundantly in the narrow 
Nuggihalli schist belt running S.tt.E. from Arsikcrc for a 
distance of 20 miles. The rocks of the belt are largely horn- 
blende and talcose schists with what are considered to be 
intrusive masses of amphibolite partly altered to potstones or 
talc schists. 

The chromite occurs in the altered amphibolite in segre- 
gated patches associated sometimes with iron ore. 

This chrome ore is of comparatively low grade (42 per cent 
Ci*n0 3 ) and consists of fine granular chro- 
mite in a talcose matrix and is of a dull 
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greyish black colour. The ore appears to occur in large 
quantities, but so far none of it has found a market. It might 
be possible to concentrate it up to 48 or 50 per cent Cr 2 3 , but 
the want of water in the area would be a serious difficulty and 
the crude ore might have to be removed to some place where 
water is available. An attempt was made some years ago by 
the Mysore Chromium Company to start a concentration 
plant but after considerable expenditure on a water dam, 
plant, etc., the project was given up as not feasible. If the 
comparatively high prices which ruled in 1918-14 are main- 
tained after the war a concentrating project may be worth 
further consideration, but it must be remembered that the 
market for chrome ore is a difficult one and some definite 
assurance would have to be obtained as to the saleabilitv of the 
products. 

Further south, in the Mysore District between Mysore 
and Nanjangud, a number of patches of 

HlKhdr.^Ores. u i ■ 1U U Pi iu 

ultrabasic rock have been round which 
carry veins, lenses and segregated patches of chromite. Of 
these the most important is a narrow strip of altered dunite 
(Olivine rock) or pcridotite, which is now a brownish coloured 
serpentine, running north and south for a couple of miles near 
Shinduvalli a few miles east of Kadkola. The serpentine lies 
in gneiss (which is considered to be intrusive) and contains 
grains of chromite. For a distance of a mile or so along a 
line near the middle of the strip a number of small, nearly verti- 
cal, veins of solid chromite have been found which vary from 
an inch to a foot or more in thickness. Towards the southern 
end one vein widened out to a lens 5 ft. wide and below this 
other separate lenses were found to a depth of 40 ft. in open 
workings. Underground work is now in progress and at a 
depth of 86 ft. a lens or vein over 170 ft. in length and up to 
9 ft. in width has been opened up as well as two smaller veins 
to the west of it. The ore is massive and of good quality and 
the lens is broken into slab-like blocks by vertical and horizontal 
veins of magnesite which also traverse the serpentine. 
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In addition to the ore which has been mined from the 
Shinduvalli Block a large quantity of pebbles or lumps of 
chromitc has been picked up on the surface of the ultrabasic 
patches. 

In considering the sale or use of Mysore ores and particu- 
larly in regard to the problem of con- 
^suppiiM in other Coun- centrating the low grade ores we must 
bear in mind that large quantities of good 
ore are obtainable from other countries with which Mysore 
cannot compare as regards cither quantity or quality. In 
Baluchistan chromitc has been discovered in serpentine asso- 
ciated with basic intrusives of cretaceous age. It is reported 
that considerable quantities of ore can be obtained much of 
which will average 54 to 57 per cent of Cr 2 3 and most of 
which can be obtained by open work mining at moderate cost. 
Little precise information is, however, available. Up to the 
present the output has been small as it has to be carried 00 
miles on camels to a railway ; but that difficulty can be re- 
moved by extension of the line and in that case we might 
expect a large and regular supply from Baluchistan. 

New Caledonia has been for many years the chief source 
of high grade ores averaging about 55 per cent Cr 2 3 . The 
ore occurs in alluvial or surface deposits close to the sea and 
the mining and f.o.b. costs are low. There is some reason to 
believe that these deposits are approaching exhaustion, but 
other less easily worked deposits arc said to exist. 

In Rhodesia vast areas of serpentinized rocks carry quan- 
tities of chromitc most of which is of moderate grade, 47 per 
cent being usually quoted for shipment. The quantity of 
high grade ore is not very large though much larger than 
in Mysore and there is said to be a very large amount of 
medium to low grade ore. Here again large quantities can be 
cheaply mined in open workings though this is offset by the 
long railway lead to a port (Beira which is some 500 miles 
from the Salukwe area). 

In comparison with these fields the high grade ores of 
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Mysore arc of very limited extent and the -problem of concen- 
trating low grade ores will, we fear, be a doubtful proposition 
for many years in the face of the large supplies of easily 
mined high grade ore obtainable from elsewhere. 

The ore from Kadakola area is of good qualify and runs 
from about 48 to 58 per cent 0i\>0 :! . 

Composition of Ore. rni , , n 

lucre is also some lower grade ore 
comparable to thai- from the Nuggihalli belt near Arsikere. 
The latter occurs usually in altered talcose amphibolite while 
the better class ore appears to be confined to the patches of 
serpentinised ultra basic rock associated with magnesite. 

Table 15 gives a number of representative analyses of the 
ores kindly supplied by licensees. 

Most of the ore has boon obtained hitherto from surface 
collections, shallow pits and open work- 

Cost and value of Ore- 

ings down to a depth of 4 it. I he con- 
tract rates vary from Rs. "I to 5 per ton of stacked ore. 
With the adoption of underground work the cost of the ore 
will increase and it is not possible to say what it will be in 
future. Much of the ore. has boon sold f.o.r. Kadakola at 
prices ranging from Ivs. 9, to 1 5 per ton. Export has been 
very variable and home market values have appreciated con- 
siderably during the past few years. Table 10 shows the 
quantities despatched and sold to the end of 1914 and the 
average market rates in Kngland for 50 per cent ore. The 
rate is generally subject to a variation of 2 shillings to 2s. Orf. 
per unit of Cr. z 3 above or below 50 j>er cent. The prices arc 
said to be controlled largely by an international combine and 
the market is far from being an open one. 

The greater part of the chrome ore production is used 
for the manufacture of chrome snlts for 
dyeing and tanning. A considerable 
amount is used for the manufacture of ferro-chromc (alloy of 
iron and chromium) and the ore itself, either in lump form or 
crushed and pressed into bricks, is used as a refractory lining 
for furnaces. 

m.k.m. I 
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There are no manufactures of chrome products in My- 
sore and it is difficult to say if there is any reasonable pro- 
spect of their, being established. The absence of cheap supplies 
of alkali and sulphuric acid is a bar to the production of the 
salts which may or may not prove insuperable. The produc- 
tion oi' ferro-chrome might become possible as an accessory to 
electric steel refining as already pointed out. It is not easy 
to obtain any reliable or detailed information as to modern 
methods and costs of production. Chrome ore was, at one 
time, smelted with coke in small blast furnaces giving a ferro- 
chrome containing some 40 per cent of chromium and 10 to 
12 per cent carbon. With special blast arrangements a GO 
per cent ferro-chrome has been produced in the blast furnace. 
At the present time it is made entirely in electric furnaces of 
the Hcroult orGirod type, and from carefully selected ore it is 
not a difficult matter to produce a (>0 per cent ferro-chrome 
containing u to H per cent carbon which is worth about 4J20 
to 25 pei ton. For special work ferro-chrome containing up 
to 75 per cent chromium and 1 to 2 per cent carbon is now pro- 
duced and is worth i'00 to 70 per ton. We cannot however 
give details of the process. Practically pure chromium without 
carbon is produced by the thermite process of Goldschmidt by 
igniting a mixture of pure Ci\,0 :j and aluminium powder, 

Although we cannot give, exact details the following 

figures are probably not wide of the mark for the production 

of an ordinary GO per cent ferro-chrome with (i to 8 per cent 

carbon. 

11r. 
2 tons of selected ore delivered at furnace 

at Us. 20 ... ... 40 

Electric energy 8,000 J\.W\ Hours at 0'2 

anna per unit ... ... 100 

Electrodes ... ... ... 10 

Charcoal, labour, repairs and fixed charges... 40 

Total ... 190 

M.H.M. I 2 
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The output could not be large as the demand for ferro- 
chrome is not great, though it will probably increase. It must 
be remembered also that the probable supply of high grade 
chrome ore in Mysore is not large and that unless it was found 
possible to concentrate the low grade ores and utilize the con- 
centrates the total duration of the work would be relatively 
short and the amortization charges for the plant would be cor- 
respondingly high. For these reasons it would be necessary to 
combine the work with other electro-thermal work in order to 
keep supervision and olher fixed charges down to a reasonable 
limit. Under such conditions it look's ;e; though ferro-chrome 
could be produced at a cost of not more than lis, l 2L)0 per ton 
and if the price is lis. :-i00 or more there should he a margin of 
profit after paying for transport, agency, etc.. The paramount 
influence of the cost of electric energy is shown above and any 
material increase in the nite would render the work prohibitive. 
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Other Metalliferous Minerals. 

Minerals containing copper, silver, lead, //mc and anti- 
mony 3 wive been found in various places, nut the <piantities 
so far discovered are commercially unimportant and may ho 
referred to very briefly. 

Copper-pyrites and cupriferous iron-pyrites occur sparing- 
ly in quart/, veins and quart/ito^ and in 

Copper. 

some oi the chlontic schists mid traps. 
Tn a few places these minerals, and possibly others, Ikivc been 
broken up by weathering and circulation of water to shallow 
depths and from the solutions so formed, cupper salts have 
been deposited in cracks, fissures or porous decomposed rock 
in the /one of weathering which may extend to a depth of oO 
to 100 feet from surface. These stilts arc the green carbo- 
nate malachite, the blue hydrous sulphate chalautlhilc, com- 
monly known as Blue Vitriol and sometimes various silicates 
of copper appear to be present. At Ingaladhal, o mites south- 
east of Ohitaldrug, there, are some old workings in the side 
and top of a small hill from which fibrous specimens of chal- 
canthitc can still be obtained in the form of incrustations or 
small veins in a decomposed gi'itty schist winch is probably 
an alteration of the gray trap of Gliitaldrug. The mineral 
was doubtless more abundant in the patches excavated by the 
ancients but at present very little remains and prospecting 
work has tailed to disclose anything of the nature of a body 
of copper ore. It is probable that the mineral which now 
occurs in the walls of the old tunnels is of comparatively re- 
cent formation and is formed by the oxidation and leaching 
of traces of copper sulphides from the mass of the rock. 

Malachite has been found in tufts of slender acicular 
prisms in a thin vein in quartzite near Kaidall, 10 miles south 
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of Davangcrc, Chitaldrug District A surface sample gave 
17 '5 per cent copper, but some prospecting pits showed that 
the ore did not extend more than a few feet in any direction. 

Copper carbonate occurs in the quartzito conglomerates 
to the north and nortfi-east of Ghikmagal.ur in the Kadut 
District, but a large number of samples showed that the copper 
never amounted to more than a heavy trace. 

Traces of copper carbonate have been found at Kolur, 3 J 
miles east of Maddur, Bangalore District. In the Nanjangud 
Taluk, 1] miles S. S. E. of Biligerc, pieces of green copper ore 
were found in the soil and some pits have been sunk to a depth 
of 40 t'ccfc under a prospecting license. The rock is a steeply 
dipping decomposed gneiss with an interbanded dolerite dyke 
of a few yards in width. The latter is considerably decom- 
posed and show's strings and patches strongly impregnated 
with carbonate of copper. A piece of the gneiss ((J/980) gave 
0*25 per cent copper. A greenish, grey sample (0/981) which 
may be a bleached portion of the dyke or some other trap 
gave 9 per cent Cu. and a dark brown ferruginous ore con- 
taining green carbonate and red oxide gave 24*32 percent Cu. 
with 18 dwts. 15 grs. of silver. Sufficient work has not been 
done yet to enable one to judge whether any body of ore 
exists or which particular type of rock in this complex was 
the original home of the copper salts which now impregnate 
the various materials. 

There arc traditional rumours of silver having been fouud 
in Mysore and name-; like Bellibetta (Sil- 

Silver. J 

ver Hill) are supposed to record such 
occurrences though no trace of silver ore is now to be found. 
Some small quantities of argentiferous galena, containing up 
to 130 ozs. of silver to the ton, have been found and are men- 
tioned below under lead. It may not be generally known 
that the ore of the Kolar Gold Field contains silver which is 
recovered with the bar gold and afterwards separated during 
the final refining process. The bar gold contains from about 
5J per cent to 9£ per cent of silver, the average being about 
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7 '85 per cent. An estimate based on the gold returns shows 
that up to the end of 1914 the Kolar Field has produced 
about 8,84,5^2 ozs. ol" tine silver valued at 18 lakhs of rupees. 
The annual production based on the figures of 1918 is now 
about 44,500 ozs. valued at Ks. 82,000. 

A small quantity of argentiferous galena (lead sulphide) 
was discovered by Mr. Sanibasiva Iyer 
about a mile S. 10. of the village of 
Kurubarmardikerc in the Chitaldrug Taluk. The ore occurs 
in small stringers from fj to 1J inches thick in gritty calc- 
chloritc schists which are probably alterations of the gray 
trap. There are only a few short stringers and some pits failed 
to reveal any tendency to increase in size or number. The 
clean ore assayed 184'05 ozs. of silver and 7 '2' '29 per cent of 
lead, but the quantity is very limited and the expense of 
extraction would be too high to permit of profitable working. 

In a few places a little galena has been noticed in quartz 
reefs, for instance: — just west of the ghat section on the road 
to Flinyur close to Chitaldrug town, on the east slope of 
Nisanigudda, near Nakikere, Hiriyur Taluk; and to the north- 
west of Aiothekoppal in the Tirumakudlu-Narsipur T-iluk. 
It is also found sometimes in the gold quartz of the Koiar 
Field and in other places where gold mining has been tried, 
but in none of these cases has any noteworthy body of ore been 
disclosed. 

The mineral Blende (sulphide of zinc) has been found 
in the Kolar Mines and in some old 

Zinc, 

workings such as those at Bukkanibudi 
in the Tarikere Taluk but only in comparatively small quan- 
tity. At Bukkaiubudi the talc-chlorite schists in the neigh- 
bourhood of the old working have mineralized streaks or 
bands containing finely divided sulphurets, such as galena, 
blende and iron pyrites, but the proportion of these is small 
and the mineralized zones of no great extent. In the old 
workings a few more highly mineralized bands occur in 
which the total concentrates would not average more than 
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about one per cent of the rock. The low grade and the 
complex character of the concentrates preclude any reason- 
able prospects of working even if the mineralized zones 
were of large extent and this does not appear to be the 
case. ]t has been suggested that richer patches existed and 
were worked by the ancients for silver, iead and zinc, but 
it is more than doubtful if they could have treated such a 
complex mixture which would be a difficult proposition 
even under modern conditions, The rock is veined, with 
quartz and carries a little gold and it is more probable that 
the old workings were excavated on some patches or lenses 
carrying fairly rich free gold. 

The existence of small quantities of Antimony ore, in 
the Chitaldrug District, has been known 

Antimony. 

for many years and. in 1W88 some sam- 
ples of stibmtc are said to have been collected by Mr. 
Mervyn Smith and sent to the Mysore Exhibition. In 1899 
Mr. Sainbasiva Iyer during the course of survey found 
some specimens of antimony ochre (cervantitc) in the same 
locality but only in small quantities. More than one pro- 
specting license has been taken out since and a large number 
of pits sunk in the search for both gold and antimony but 
without any satisfactory results. Loose blocks of a quart- 
zose rock containing stibnife and ecrvantite were found, 
but neither the amount nor the grade of the ore was 
sufficient to justify further work. 

Before the war the price of antimony ore in England 
varied from .-£6-10-0 to 1T0 per ton, but during 1915 the 
price rose very considerably to 10 shillings per unit or 
about ^£25 per ton for 50 per cent ore and a quotation for 
delivery in Bombay went as high even as Ks. 8 per unit. 
These prices were therefore three or four times the normal 
price and Mr. J. Burr of Bangalore took out a license in the 
hopes that under these favourable conditions the available 
ore might be mined and sold at a profit. Prospecting work 
has shown that the ore occurs in veins and patches in a 
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quartzose rock ia the chloritic schists. Veins of a couple 
of inches in thickness have been located with wider bulges 
ol' lenses up to a foot or so in thickness. The ore is mainly 
stibnite (sulphide of antimony) altering to cervantitc 
(oxide of antimony). Much picking and dressing is 
required to obtain ore of moderately good grade, and so far 
the proportion of dressed ore has not exceeded about J. per 
cent of the rock excavated. 

The following Table shows the analyses of dressed 
samples of the ore : — 

Table 17 — Analyses of antimony ores. 
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In these analyses of the dressed ore, which have been 
kindly furnished by the licensee, Nos. 1, 2 and 8 are sul- 
phide ores and Nos. -1, 5 and are oxide ores, Nos. 8 and 
b' have evidently been dressed rather more carefully, but on 
an average the sulphide ore is not likely to exceed 38 per 
cent antimony and the oxide ore 85 per cent antimony in 
dressed bulk samples. If some of the dressed ore can be 
sold so as to cover expenses, it will be worth while doing 
some further work on the chance of striking some richer 
material, but it is evident that even at the high prices now 
ruling the proposition is hardly likely to pay unless a 
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marked improvement takes place. If we take the high 
quotation of Rs. 8 per unit at Bombay for 38 per cent ore 
the ore would be worth Rs. 304 per ton and this has to 
cover the cost of bagging and transport amounting to at 
about Rs. 34 and leaving lis. 270 to cover cost of mining, 
dressing and sundries. It", as is reported, it takes 100 tons 
of rock to yield 1 ton ore we have only Rs. 2-12-0 per ton 
to cover these charges and it is rather questionable if there 
would be any balance for profit. If then the question of 
making a profit is a doubtful one when the ore fetches 
lis. 300 or so at Bombay, the proposition would certainly 
not be attractive in normal times when the ore would fetch 
only Rs. 100 or less and this accounts fur the fact that it 
has been left alone for so many years. The grade of the 
ore body would have to improve considerably before work 
under normal conditions could be seriously entertained. 

The high prices now ruling may make it possible to 
collect the float ore and to do certain amount of excavation, 
sorting and dressing and to recover most or all of the 
expenditure with the chance that the work so done may 
disclose some more valuable ore bodies. 
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II* minerals used in Various Industries. 

(a) Abrasive Materials. 

The abrasive materials available in the State are tin- 
minerals corundum and garnet and certain varieties of rock 
used for the preparation of mill-stones, whetstones, etc 

L'OltUNDrA*. 

The mineral corundum consists of oxide of aluminium 
(A I.j U a ). Tt occurs in hexagonal crystals usually in double- 
ended pyramids the laces of which are, often curved and give 
the crystals the shape of an elongated barrel. 

In colour it varies from ruby red through various shades 
of brown, blue, green and white and usually contains various 
impurities such as the oxides of iron and chromium and mica, 
pinite and other silicates. Crystals or grains are frequently 
surrounded with a micaceous shell or with pinite-like materi- 
al or green to black spinel. When pure and clear the red 
varieties are known as rubies and the blue as sapphires. 
These clear gem varieties are practically unknown in Mysore. 

Emery is a dark opaque corundum containing much 
oxide of iron. It is obtained chiefly from Greece and Turkey 
but does not occur in Mysore. 

Corundum of various grades and colours is widely distri- 
buted in Mysore and the principal locali- 

Dlstrlbution. . -i m 

ties arc shown on the enclosed map. Ihey 
may be grouped as follows : — 

In the Sringcri Jaghir small quantities of good ruby 
corundum occur. Occasional large crystals of brown corund- 
um have been found further south in the ghat country. 

A number of deposits are found to the west and south- 
west of Arsikere. 
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On the eastern side of the State there arc several corun- 
dum bearing areas in the Pavagada Taluk. 

A large and important series of deposits occur in the 
Maddagin and Goribidnur Taluks and another group round 
about Mandya. 

Several groups occur in the Human and Heggaddevan- 
kotc Taluks of the Mysore District. 

The mode of occurrence and mineral associations of the 
Indian corundums have been described by 

Occurrence. _ r 

Holland in Part I of the Manual or the 
Geology of India. A description of a number of the Mysore 
types and localities will be found in a paper by 13. Jayaram in 
Part Hot' Records, Volume XV., published by this Department. 

Most of the corundum obtained in Mysore is in the form 
of loose grains and crystals picked up in the surface soil. 
These have been set free from the rocks in which they 
occurred originally by the decomposition of the rock masses 
under ordinary weathering influences and, along with some 
of the other harder and more resistant minerals, they are 
found in the residual mantle of soil. Considerable quantities 
of this loose corundum have doubtless been removed in past 
times. In more recent years the quantities obtained and ex- 
ported are shown in Table lb and in recent years the produc- 
tion has been between '2,000 and 4,000 cwts. a year. It is 
probable that the supply, at any rate of the better classes, is 
now less abundant or less easily obtainable than formerly. 

In many places the mineral has now been found in situ 
in both decomposed and hard rock. 

A comparatively small proportion of the output has been 
obtained by excavating the soft decomposed rock and pound- 
ing it with wooden mallets or tilt hammers. The harder 
corundum is then separated by sieving and picking, but the 
resulting product usually contains much adherent impurity 
which may amount to 30 or 40 per cent. Up to the present 
no attempt has been made to work the hard rock. 

The corundum occurs in veins or bands of pegmatite, 
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syenite or granite which traverse the older gneisses. In many 
cases it appears to he an original constituent of such veins, 
but it is noticeable that in the majority of cases the gneiss 
contains included bands and patches of basic Dharwar rocks, 
such as hornblende and mica schist, hornblende and pyroxene 
granulites, pyroxenite and amphibolite and that the corundum- 
bearing veins are frequently associated, or in contact, with such 
patches and often entirely enclosed within some of the larger 
ones. In some cases there is evidence of segregation or en- 
richment near the contacts which is suggestive of mutual 
reaction and sometimes the corundum is within the basic 
rock, but in many other cases the corundum has all the ap- 
pearance of a primary constituent of the acid vein. 

It is difficult to ascertain the value of the mineral with 
any degree of accuracy. Licenses for col- 
lection are granted over large areas, the 
usual area being a taluk. The licensee pays the villagers for 
amounts collected by them from time to time and a certain 
amount of sorting and selection is done before the material is 
despatched to Madras. The cost of collection has tended to 
rise recently owing to a genera) rise in wages and the lessened 
abundance of material ; on the average the cost of collection 
is now probably some Us. 00 to SO per ton. The ruby 
varieties are the most valuable and from lis. H00 to 500 per 
ton has sometimes been offered in Madras for good grades. 
The amount obtainable is however small. The better classes 
of pink, brown and grey corundum may be worth from 100 
to 250 rupees in Madras and other varieties 00 to J 00 rupees. 
There is a large quantity of rather dull white to greenish 
corundum which is of little or no value and is distinctly softer 
than the better classes. It is probably a mixture of hydrous 
and anhydrous oxides and considerable quantities have been 
found in corundum-bearing roek^ near Arsikere in the Hassan 
District and near Sargur in the Mysore District. 

The pink to amethyst coloured corundum which was 
extracted iron] veins of decomposed rock near hamasandra in 
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the Bowringpet Taluk is stated to have been worth 250 to 
270 rupees at Madras and the product was far from clean 
mineral. Down to water level the cost of extraction was 
about Es. 150 to 200 per ton. 

Various samples which have been sent to England have 
been valued at from £8 to .£30 per ton. 

In Canada large quantities of corundum-bearing rock are 
mined, crushed and the clean mineral extracted. The annual 
production is about 2,000 tons and the average value £22 
per ton. Then 1 the veins or bands, many of which consist of 
nephelinc syenite, arc of large dimensions and permit of cheap 
open quarrying on a large scale. As the output is consider- 
able the mining and dressing charges are comparatively low 
and rock containing only from 5 to ]0 per cent of corundum 
is treated. Jn recent years the average grade has approached 
h per cent. 

Koi- the preparation of clean corundum the rock or 
j i ii neral i s pi 1 1 th rou gh b reake rs ai i d 

Treatment. , _ .. -. 

crushers and graded into various sizes 
by means ol screens. 

The coarser sizes are then treated in jigs and the finer 
materials on various types of shaking tables. 

The middlings or mixed materials from the jigs are 
crushed finer and retreated with the recovery of further 
corundum. Jn some cases a final treatment with magnetic 
separators is necessary to remove heavy magnetic minerals 
winch come through the process with the corundum. 

The amount, of machinery required is considerable and the 
question of mining and dressing costs is largely one of quantity. 

It would no doubt be very desirable to crush and dress 
the Mysore corundum locally and to export clean and care- 
fully graded products instead of raw unclean mineral, but the 
quantities produced at various centres are probably much too 
small to warrant the expense of the plant and supervision. 
Even the total output from the State is small for any modern 
treatment plant. 
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As most of the corundum has to pass through Bangalore 
on its way to Madras, it might be feasible to put up a single 
treatment plant at Bangalore and purchase the whole output 
of the State. A better market for the finished and graded 
product might be obtained and the development of the output 
would very likely be encouraged by a regular demand. 

This applies to the output of loose corundum crystals, 
but the plant would afford opportunity for experimental test- 
ing of some of the corundum-bearing rocks of the State. If 
some of these proved promising, further prospecting would be 
encouraged and some sufficiently large deposit might be found 
to warrant the erection of a plant or partial plant at the mine 
for the rough treatment of the rock. 

The prospects are very problematical and various samples 
have been obtained and sent to America for trial and opinion. 
It must be remembered also that artificial abrasives such as 
carborundum, alundum, etc., are yearly becoming more 
serious competitors, and it is probable that carborundum 
can be produced for L'27 or less a ton and will be preferred to 
corundum for most purposes. 

Table ]&— Production of corundum in Mysore and the royalty 
realized thereon during the years 1900 to Jf)l-l. 
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GARNET. 



The garnets are a series of complex silicates containing 
two or more of the metals aluminium, iron, calcium, magne- 
sium, manganese and chromium. They occur in rounded 
crystals and grains and are very variable in colour, the com- 
monest colour being pink, red or brown. 

In Mysore red to brown garnets occur in a variety of 
rocks in many places of which the follow- 

Distribution. . . • i 

tug may he mentioned. 

Tn the Shimoga District they occur plentifully in mica 
schists lying in the gneiss between Agumbe and Koppa. 

In the Kadur District near Sampigekan and Durgadhalli 
in hornblende schist and gneiss. 

In the Hassan District near Yennehole llanganbetta 
(Hole-Narsipnr) ; near Bherya (Yedatore) where dull coloured 
and flawed crystals up to 8 inches in diameter are found; in 
the Manjarahad Taluk along the Kemphole and Adhalla 
streams and at Balekal, Kagncri, Murkangudda and Maran- 
halli in some of which places very large quantities of loose 
garnets can be obtained which have been weathered out of the 
hornblendic schists and gneiss. Most of these are small and 
some are clear and transparent. 

In the Bangalore District pink garnets occur in pegmatite 
near Salhunse and small clear crystals and pebbles at 
Maralwadi in the Kankanhalli Taluk. 

In the Tvolar District there is a good deal of garnet sand 
in the streams near the corundum pits near Kamsandra. 

Jn the Heggaddevankotc Taluk of the Mysore District 
garnets occur freely in Kyanite schist and gneiss and loose 
pieces and fragments about ^ inch in diameter can be washed 
from the surface soil. In addition to the above the mineral 
often occurs as a minor constituent in a variety of rocks. 

The larger clear varieties arc used as gem stones. The. 
Mysore minerals are not sufficiently large 
for the purpose when clear and of good 
colour, or when large they are dull in colour or much flawed 
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and it has not been found possible to find a market for the 
stones. In several of the States of Rajputana a purple 
coloured garnet, belonging to the variety Almandite (iron- 
alumina garnet), is worked as a gem stone. The average 
yearly production for India from I90U- L91H is reported to be 
298 cwfcs. valued at .1*1 7920). The average value in different 
localities varies from about Ivs. 80 to lis. 1~A) per cwt. 

There is a limited demand for garnet as an abrasive 
material, mostly for use in the leather and wood trades. The 
chief market is in the United States where the total consump- 
tion is some 4,000 to 5,000 tons per annum almost the* whole 
of which comes from the Adirondack region of New York. 
The average value of the cleaned and graded mineral is about 
Ks. 90 per ton and about Its. 105 for the best grade of crystal. 
The Adirondack mineral is said to be of the Almandite 
variety and to be somewhat harder than usual. Its chief 
value depends on the possession of a fairly well defined cleav- 
age or parting which causes the mineral to break up into flat 
plates with sharp edges which tend to renew themselves by 
fracture during use. More usually garnet tends to break with 
a rough or oonchoidal fracture and to wear round at the 
edges and such minerals have comparatively little value. For 
the same reason the hue rounded grains which occur abund- 
antly in many streams have, little value. Several tons of such 
material have been collected at Ivamsandra which cannot be 
disposed of. 

Various samples of Mysore garnets have been sent to 
Kngland for valuation and m the majority of cases are report- 
ed to be of little or no value. 

A large sample, collected and washed from the Hoggad- 
devankote Taluk was valued at X-L per ton, but as the cost of 
collection was considerably higher than this figure the licensee 
abandoned the work. 

Garnets obtained from the Manjarahad Taluk under a 
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prospecting license are reported to have been valued at from 
Bs. 45 to Rs. 90 per ton in England, but as no further progress 
has been made it is probable that the work was not considered 
to be remunerative. It is very doubtful if there is any large 
demand for garnet for abrasive purposes outside the United 
States and it is very doubtful if the Mysore mineral would 
pay to extract, grade and put on the market in small quantities 
at current prices. 

In recent years there has been a small output from Spain 
which, it is believed, can be produced at considerably less than 
the American figures quoted above. 

MILL stones. 

. From several places in the Honnali Taluk, notably from 
Beesokalmatti — a hill north of Chile Gonigere— and from a hill 
north-west of Hosakoppa, large blocks of gritty schist are 
quarried and made into flat circular mill stones for grinding 
food stuffs and some of the finer grained varieties are used 
for whetstones. I jargcr blocks of tough calcite-chloritc trap 
are made into rollers for mortar mills near Basavapatna in 
the Channagiri Taluk. The work is carried on by the 
woddars of the Shimoga District and there is said to be a 
good demand lor the stones in the ('hitaldrug, Tumkur and 
Hassan Districts. ]ri a Departmental report made in 1901 it 
was estimated that about 1/200 tons of stone, valued at 
Us. 5,400, was used during the year in the Honnali Taluk. 
In the Hassan District certain varieties of potstone are stated 
to be used for mill stones and in Bangalore mill stones, road 
rollers and stones for mortar mills are made from selected 
portions of the granite and gneiss. In all these cases the 
materials are used to supply certain local demands, but none 
of them appear to possess any particular merits for high class 
grinding work and their use is chiefly a matter of local 
convenience. 
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(b) Refractory Materials. 

Mica. 

The micas are essentially silicates of alum ma and potash 
sometimes containing also magnesia, fluo- 

Chnracter nnd uses. . , . 

rine, lithia or soda. They are transparent 
flexible minerals occurring as flakes, sheets or thicker " hooks " 
and are capable of being split into indefinite! y thin sheets 
owing to a very highly perfect cleavage. In colour tliey vary 
from white to red, brown and black. 

The principal varieties are : — 

Muscovite. — White to reddish In-own; 
Phlogopitc- Reddish or "amber" mica; 
Biotitc- -mack. 

Tlie two forme) 1 are of commercial importance and re- 
present the materials exported from India. The mica found 
in Mysore is muscovite which is usually dark' coloured in 
thick books and light reddish brown in thin sheets. 

Owing to its flexibility, frfinsparcney and mfusibilify it is 
used for lamp chimneys, stove doors, etc. .Its chief use is 
however as an insulator lov the manufacture of electrical 
machinery for which purpose it is necessary that it should be 
free from inclusions, spots and flaws. 

The larger books are split to about the thickness of card* 
board and the rough edges and Haws trimmed off with shears 
so as to give clean sound squares or rec tangles with sides 
from one to two inches long up to several inches in length. 
Occasionally pieces over one loot square are obtained. The 
smaller pieces of irregular si 1 ape are trimmed to various round 
or oval shapes which are eventually split into very thin 
1 ami nee and cemented together with shellac to form large 
sheets known as " micanite." This artificial micanite yields 

M.R.M". K 2 
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a fairly good insulating material in lieu of large cut sheets, 
which are scarce and expensive, and has permitted the utiliza- 
tion of large quantities of scrap mica from the waste dumps of 
mines. 

Some of the scrap mica produced by trimming and cut- 
ting of sheets is now finely ground and finds some sale for 
boiler and pipe lagging, fire proofing, lubricants, wall paper 
and paints. 

The micas occur in small flakes in many rocks chiefly 
those of a granitic or gneissic character. 

Occurrence, ° 

The larger books of commercial value are 
practically confined to large, veins of coarse pegmatite which 
traverse or are asssociated with intrusions of granite and gneiss. 
In India the veins usually traverse mica schists or schis- 
tose gneisses, while in Mysore they arc mostly in granitic 
gneiss. India is one of the most important mica producing 
countries of the world the chief centres of production being 
Pehar and Grissn and Ncllore. 

In Mysore books of mica, up to 7 or H inches in diameter, 
have been found in several places, but the distribution is very 
erratic and much of the material is flawed or spotty and of 
rather low quality. The principal localities are the fol- 
lowing :— 

Hassan District.-— The Kabbur Block (P. h. 350) near 
the 80th mile on the Yedatore-Hoie-Narsipur road. At ttita- 
pur hill, (\ miles S. \Y. oi Ilole-Narsipur. 

Mysore District. — At Mundoor, 'A miles north of Saligram 
(P. L. 34G.) 

Two furlongs E. of Undivadi, near Kannambadi. 

South of the Kith mile on the Kannambadi lioad. 

Near Vadesamudra— 7 miles N. E, of French Rocks. (P. 
L. 4BG.) 

Near Tagadur — 7 miles E. of Nanjangud (P. Ls. 408 
and 409.) 

Srhigcri. Jahgir.—Nmx Kikri — It is reported that 
23,5G8 lbs. of plates, rounds and splittings were obtained 
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Output. 



from about 180,000 lbs. of undressed mica, but not sold yet. 
Work has been abandoned for sometime. 

Attempts have been made, from time to time, to work 
some of these deposits and repeatedly aban- 
doned owing to the irregular distribution 
of the mineral and the small quantity of saleable mica 
obtainable. It is probable that the* amount of saleable mica 
recovered does not exceed 10 per cent -of the total amount 
extracted. 

Work is now being earned on at Kabbur, Mundoor and 
Vadesamndra. 

The following Table gives the output to the end of 101-1 the 
greater part of which has come from Kabbur. The output 
from the Snnacri Jahmr is not included. 



Tablu 10 — Output and Value of Mica. 
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Mica varies so much in size and quality that it is diffi- 
cult to quote values which convey much 
information, while m Mysore the output 
has been so small and irregular and the grades so mixed that 
no very reliable figures are yet available. 

The three principal producing countries are the United 
States, Canada and India and the following figures have been 
reported. 

In the United States the value of sheet mica has been 
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about 9 to 10 annas per Jb. for the past 10 years and scrap 
mica lis. 80-50 per ton. 

In Canada the output is almost entirely Fhlogopite or 
" amber " mica. The export value lor the past few years has 
been from 12 to 15 annas per Jb. 

Indian mica from 1908-09 to 1913-14 has been valued 
at an average of JO annas per lb. rising to 11 annas at the 
end of the period. 

The Mysore mica sold in England has varied from 2 
annas to Rs. 2i per lb. for the various grades exported. 

Consignments sent l,o Madras have averaged from about 
7 annas to 1 rupee with a general average of 7'88 annas per 
lb. It is very doubtful if profitable work can be carried on 
at these prices unless some better deposits are found. Fur- 
ther work is contemplated at Vadesamudra and Kabbur and 
there is at any rate a possibility that the yield of saleable 
mica may be somewhat improved. 

AS.BBSIOS. 

Two distinct types of mineral are included under the 
commercial term " Asbestos." The most important is the 
mineral chrysotiJe— a hydrous silicate of magnesia—which is 
considered to be a fibrous form of serpentine. It occurs in 
narrow irregular veins in serpentine or other ultrabasic rocks 
the fibres of the mineral lying perpendicular to the vein walls. 
The veins are usually from -j of an inch to 2 or 3 inches in 
width and this determines the length of fibre obtainable. The 
greater part of the world's supply of this material comes from 
Canada. Very little lias been found in Mysore and then only 
in very thin unworkable veins in serpentine. The other 
forms of asbestos belong chiefly to the varieties tremolitc and 
actinolite of the am phi bole group and are essentially anhydr- 
ous silicates of lime and magnesia. 

The value of asbestos depends on the facility with which 
the mineral can be broken rip into fine 

Characters and use. L 

fibres and on the length and strength of 
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these fibres. Its usefulness depends very largely on the fact that 
the fibres arc very infusible and consequently it is used very 
largely as a fireproof or fire-resisting material. The longer and 
stronger fibres can be woven into fire-proof cloth and the 
shorter fibre, dust, etc., which is produced during milling is used 
for asbestos board, paper, tiles and plaster and also as a lagging 
or non-conducting covering for boilers, steam pipes, etc. 

So far none of the chrysotiJc variety has been found in 
Mysore in workable quantities but small 

Occurrence. 

veins have been noted in serpentine masses 
near Hole-Narsipur and Idegondanhalli in the Hassan Dis- 
trict and near Shinganmane in the Shimoga District. 

The amphibole variety of asbestos has been noted in 
several places and appears to be an alteration product of vari- 
ous amphJbolites or other ultrabasic rocks in proximity to 
intrusions of granite or gneiss. The following places may be 
mentioned : — 

Chitaldrufj District. — N. E. of Mayikonda village; fibres 
stained reddish brown and hard. 

Near Budihal, Gangigerc in the Ifosdurga Taluk. 

Radar District. \.u a coffee estate, near Mudsosi, Mud- 
gere Taluk. 

Near milestone L ' on the Belur, Mudgere road. 

Hassan District. —On the Kabbur Block (P. L. 850). 

Near the. -'SOlh mile on the Yedatorc Hole-Narsipur 
road. Several tons have been obtained from here as samples 
and a fairly large quantity is said to be obtainable. The 
mineral also occurs near Hole-Narsipur, Sunnakal Hosur and 
Idegondanhalli. 

Bangalore District. — A small quantity of a white asbestos 
has been found at Avalhalh about 2 miles from Bangalore on 
the Mysore road. 

Mysore Ditrsict,- —Small quantities have been found near 
Nagamangala and 2 miles S. \V. of Mandya. The occur- 
rence of a larger deposit has recently been reported near 
Konur about 12 miles south-east of Nanjangud. 
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The valued vary very greatly according to quality. The 
different grades of material produced from 

Value. b . L 

the Canadian chrysotile deposits vary from 
about Rs. U00 to Rs. 27 per ton with an average value of 
Rs. DO pei' ton, A large number of grades arc produced from 
the same quarry during the process of mining and milling. 
The average amount of merchantable fibre produced is about 
b" per cent of the total amount of rock excavated. The out- 
put from the United States is comparatively small and is of 
the amphibole variety and is valued at from Rs. 80 to 45 per 
ton. The Mysore mineral occurs in bunches and aggregates 
of fibrous material and at Kabbur long fibrous sticks of sever- 
al feet in length can be obtained which can be picked out 
practically clean. The material can be easily fiber ized and 
reduced to a white fluffy mass which should possess some 
merits as an insulator, steam pipe covering and where 
strength of fibre is not essential. The great defect in all the 
samples is the brittleness and lack of tenacity of the fibres 
and a sample of several tons sent to London failed to find a 
satisfactory market and was eventually sold at a little under 
Rs. 20 per ton. 

The cost of the crude material delivered on the railways 
is said to be from lis. 35 to 50 per ton. 

The material obtained so far has all come from close to 
surface where the rock is much decomposed and this may 
account for the excessive brittleness of the asbestos fibre. In 
view of the increasing demands for asbestos it would be 
worth while to sink some of the pits deeper and ascertain 
whether the fibres become stronger while retaining sufficient 
facility for easy separation. 

MAGNESITE. 

Magnesite is the normal carbonate of magnesia (Mg CCX,) 

and occurs, from a commercial point of 

C occurrtnc". dmodeof view, in two distinct varieties or types 

having very different modes of origin. 
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These types are sometimes distinguished by the terms "massive 
magnesite" and "crystalline magnesite." 

The massive type only is found in Mysore and important 
deposits occur at Salem in the Madras Presidency and in the 
island of lCuboea (Greece), Loss notable deposits occur in 
many other countries. 

This type occurs as a net work of veins in ultrabasic 
rocks of a serpentinous character derived from the alteration 
of d unites, peridotites, amphibolites, etc. The mineral probably 
results from the breaking up of the magnesian silicates by 
heated vapours or solutions containing carbonic acid with the 
production of magncsite which is deposited as veins in joints 
and fissures of the rock. A little oi the silica is deposited with 
the magi i esilc in the form of chalcedony and the rest is re- 
moved in solution and may have been deposited elsewhere as 
quartz veins. 

In Mysore the original ultrabasic rocks appear to have 
been intrusive dykes or masses in the J)harwar Schists and 
to have been intruded subsequently by portions of the Penin- 
sular gneiss from which the heated solutions and carbonic 
acid were probably derived. 

The magnesite is a hard white massive material with a 
rough to conchoidal fracture, something like broken procelain. 
Its value depends on the absence of impurities, particularly 
lime and iron, on the ease with which it can be separated from 
the enclosing rock and on the proportion of clean mineral 
obtainable to the total rock excavated. 

The crystalline type of magnesite occurs only in Austria 
and .Hungary and appears to be of the nature of a crystalline 
limestone ov dolomite, of sedimentary origin, in which lime 
has been almost completely replaced by magnesia by subse- 
quent chemical alteration. 

For practical purposes the two types of magnesite are 
distinguished by the amounts of iron and alumina they contain 
and by their different behaviour during burning. As a com- 
mercial material the massive type contains less than 1% of iron 
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oxide while the crystalline type contains some 3 to 6 % of 
oxides of iron and alumina. The former burns to a white 
material which is usually only lightly burnt or calcined ; the 
latter is always dead-burnt at a high temperature and yields 
a brown granular material which is used either as such or in 
brick form for furnace linings. 

The various points at which magncsite has been found 
in Mysore are indicated on the enclosed 

Distribution. 

map. 

The principal deposits occur in the Mysore District be- 
tween Mysore and Nanjangud. Of these the most important 
are at Dod Kanya and Dod Katur while other less important 
or poor deposits have been found near Shinduvalli, Talur, 
Solepur, Mavinballi, Gurur and Kupya. 

Jn the Hassan District relatively unimportant deposits 
have been found to the cast and south-cast of Hole-Narsipur 
and in the Arkalgud Taluk. 

At Dod Kanya there is a patch of serpentinized rock, 
about three-quarters of a mile long by one quarter wide, 
which is much traversed by white veins of magnesite many 
of which appear on surface. The veins vary from mere 
threads up to several inches with occasional swellings up to 
several feet in thickness. From the prospecting work done 
it is seen that the veins tend to occur in two sets, one more 
or less vertical and the other horizontal or slightly inclined. 
Several of the larger masses belong to the latter set. Jt is 
probable that a considerable proportion of the whole mass 
would yield about one ton of magnesite for each 10 tons of rock 
excavated and that the total amount of workable magnesite 
would amount to several hundred thousand tons. The other 
deposits are less extensive or would yield lower proportions of 
mineral. 

A number of analyses have been obtained, chiefly from 

the Dod Kanya area (P. L. 404) and these 

are shown in Table 20 together with 

a few representative analyses from other places for comparison. 



139 



3 



o 

i 



s 



4 

So 



t 



rz 












o 












Q 










U 






^N 




'•— s -^-v 


*— 


5 




lee 


ii*. 


t-r 1" 


fe ci 




X |w •: i-m x rr» X in 


-r. 


a 




Nh 


h* 


H* H- 


i _ 


A 








^•NW, 


"a ".' 






c 






Q Q 


4* 




d 






. o 














P 




- 






^ S 








" 


: : 








■: 






£'H 














"2 


a 


0. 






■3*3 














rz 


«s 










49 


M 


£ 




^ £ 


gs 


: 


c 


?: 


w 


OS OJ 


§3 



1 1 



.So 

£"5 






(M OS US «r C3 

to -r oi ao « 
CO <p Hi >C fc" 









o 
Eh 



a 
-: 



a 

7 






,*j C: M t^» 

a- o o o 



&5 *-• © ^ ^ -I 

o ^ b © © © 



? ? 9 
b •-! *r 



° 

6 



r ? r 

rl f-4 (33 



.5 1 



S . S S S i? 

6a : »h r? 6i b 






ih c* eo ^i us *A t- 



00 OS O p-r cn m 



140 

At surface the Mysore magnesite is sometimes contaminated 
with lime kankar which raises the lime contents so high as to 
render the material useless for refractory purposes. The 
kankar is brown in colour and can be removed by dressing. A 
few feet below surface it disappears, but care has to be taken 
to clean the magnesite from serpentine, amphibolitc and 
chalcedonic silica. 

When properly dressed the Mysore material compares 
favourably with that from Salem and Greece. 

USES OF MAGNKfilTE. 

Raw magnesite is used in America for the production of 
carbonic acid gas (C0. 2 ) . The magnesite 

Row Maffnesitc. . " . 

is heated in iron retorts thereby driving oft 
the COj which is collected and compressed in cylinders for the 
manufacture of Derated waters, etc. The residue in the 
retorts is calcined or caustic magnesia and is sold for the 
manufacture of refractory bricks, cement, plasters, etc. This 
use of magnesite as a source of CO., is said to be decreasing as 
the residual magnesia is often insufficiently burnt for the pur- 
poses for which it is required and unless it can be sold the 
manufacture of CO., in this way would not pay. 

Magnesite is sometimes treated with sulphuric acid for 
the production of G(L and Epsom Salt is prepared from the 
residual solution. A note on this will be found in the section 
on the materials used for Agricultural and Chemical In- 
dustries. 

Caustic magnesia, also called calcined or lightly burnt 
magnesia, is obtained by burning magnesite 

Caustic Magnesia. , 

in kilns in very much the same way as 
limestone is burnt to quick-lime. The burning may be con- 
ducted in bottle kilns with an admixture of coal, coke, wood or 
charcoal, but this has the disadvantage of introducing im- 
purities from the ash of the fuel. Where purity is essential 
it is burnt in kilns with external fire-boxes or fired with gas. 
At Salem where high class caustic magnesia is produced the 
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kilns are vertical, continuous Iced, shaft kilns fired with pro- 
ducer gas made from Bengal coal. Magnesite is said to part 
with its CO-2 at a lower temperature than limestone, hut much 
depends on physical character and on the amount of CO^ 
which may be permitted to remain m burnt stuff. If the 
magnesia must not contain more than '2 l ,Y> of CQ 2 the tem- 
perature requires to be 900 ' to 1000" C. for the Indian variety. 
After calcination the magnesia will absorb water and C(X 
from the air and will set into a moderately hard paste if slak- 
ed with water. The caustic magnesia is used very largely as 
a filling for paper and wood pulp and for the preparation of 
Sorel or "Oxychloride " cement for the production of which 
it is mixed with a strong solution of magnesian chloride. The 
cement is extremely hard and will carry several times as 
much sand or stone as lime or Portland cement and at the 
same time shows much greater resistance to crushing. It is 
said to he suitable for indoor work and to deteriorate on 
continued exposure to the weather. 

It is used, hu* the preparation of artificial stone, grind- 
stones, mill stones, etc., and is mixed with sawdust, cork, 
asbestos, talc, etc., for the production of floor files, complete 
floors, etc. Jt is believed that most of the magnesia from 
Salem is sent to Europe for these purposes and the possibility 
of producing such a cement in Mysore 1 for locaJ use is worth 
attention. A good deal will depend on securing a suitable 
supply of magnesium chloride and the bitterns from the 
Madras Salt Works have been suggested as a possible source. 

In order to dead-bum niagnesite the ('(Julias to be al- 
most completely driven off so that not more 

Dead burnt Magnesia. , 

than I mm .J to I % remains. Jn order to 
do this the temperature must be raised to from 1500 ' to 
1700° C for which special kilns are required and a large ex- 
penditure of fuel. At this high temperature the magnesia 
shrinks and increases in density and will no longer absorb 
water or (XV In this form it is very refractory and is used 
as a basic lining for steel furnaces and electric furnaces. The 
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principal supply of dead-burnt magnesia comes from Austro- 
Hungary where the deposits of crystalline magnesite contain 
much more iron and alumina than the Indian and Greecian 
varieties. Owing to its physical character and composition 
the former can be dead-burnt at a temperature of 1500° C in 
continuous bottle kilns using producer gas or in rotary kilns 
using powdered coal. The resulting material clinkers or frits 
so that it is obtained in a granular form which can be thrown 
on to Lhe bed of the furnace without getting blown away and 
it then frits together into a solid mass. Also, if moulded into 
bricks and fired it fuses together sufficiently to form hard 
strong bricks suitable for furnace work. It is still a very re- 
fractory material and for the above reasons there is a large 
demand for it for basic linings. 

When we come to the massive variety such as occurs in 
Greece, Salem or Mysore a different problem is presented. 
The temperature required is much higher — about 1700° 0- 
an d this will pro! >ab 1 y n ece ss i fca fee s p ec ial kilns of a regenerative 
type. Attempts to produce dead-burnt magnesia at Salem are 
understood to have been unsuccessful. Again, the material 
does not frit together, but falls into fine powder in which form 
it is unsuitable for furnace lining or manufacture of bricks. It 
is believed, however, that bricks are made from it for electric 
furnaces and that they are more refractory than those made 
from the Austrian magnesite ; on the other hand they are 
brittle and would not stand the mechanical strains of open 
hearth furnaces. 'J 1 he problem of using Mysore magnesite for 
this purpose has been under investigation in consultation with 
the Tata Iron and Steel Works and the most practical solution 
appears to be to grind either the magnesite or calcined mag- 
nesia with a small quantity of iron oxide thereby reducing its 
infusibility and permitting it to frit to a material which can 
be used in a granular form or made into bricks. Experi- 
mental work has shown that good bricks can be thus made 
and the outstanding questions are those of cost and location of 
work, 
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Cost of Calcining: in 
Mysore. 



From the projecting work done on the Dod Kanya block 
„, , it is probable that the cost of mininc and 

Co«t of Mining. r & 

sorting the magnesite will lie between 
Rs. 3 and Br. 5 per ton of niagnesite exclusive of supervision. 
It is very difficult to give any estimates of cost without a 
definite proposition, as to quantities and 
character of the product, required. The 
following figures may, however, be of some use to those who 
have the matter under consideration. The amount of coal 
required is about '20 to _lf) % of the calcined magnesia, say 
about Ks. 5 per ton of calcine. If wood could be used the 
cost would be slightly less. 

Taulk 21— Estimated cost of calcining magnesite in Mysore. 



Output 50 tons ul caustic, magnesia per month 

2+ tons of niagnesite at Ks. 4. 

Coal 

Labour for burning 

Bags and hagging ... 

Supervision 

rn teres t and upkeep of kiln 

Eoyalty, rent and sundries 

Total per Loo of magnesia 
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This is a very rough estimate and the charges for super- 
vision might have to be greatly increased if a high grade 
standard product was required. On the other hand, if the 
output was materially increased to a few thousand tons a year 
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the cost would come down to about half the above figure at 
which rate it might be just possible to place some on European 
markets. 

Little precise information is available at present on this 
point. Either the magnesite or calcined 

Cost of dead burning. 

magnesia would have to be ground and 
mixed with iron ore and then bricquetted and dead-burnt. 
Kotary kilns would not be desirable unless the output was 
large. The amount of coal required would probably be about 
15 cwts. costing, say, Ks. 15, and the total cost of making 
dead-burnt magnesite in Mysore is likely to lie between lis. 50 
and lis. 80 per ton. The cost of the Austrian material im- 
ported into India before the war was about lis. (>5 per ton. 

It is doubtful if the dead-burnt material could be supplied 
to the north of India from Mysore as cheaply as it can be 
imported unless the output is large and the demand does not 
justify this at present. On the other hand, it is quite possible 
that manufactured bricks could be delivered at a lower rate 
than the imported article owing to higher packing and trans- 
port charges, etc. This point is still under investigation. 

OTHER REFRACTOHY MATE HI A F;S. 

Chromito, or Chrome !lron Ore, is in some demand as a 
refractory lining material for furnaces. 

Chromitc. 

The occurrence and distribution of the ores 
have been described already under Chromium, For furnace 
lining the ore is preferred in large lumps or brick-like blocks 
and it is believed that bricks are also made from the crushed 
powder. During the past year or so a regular supply of high 
grade Chrome Ore has been sent to the Tata Iron and Steel 
Works from Kadakola in Mysore. It is thought that there 
may bo some use also for the lower grade ores from Arsikere 
in lump form and attempts are being made to find a market. 
lVtstone, or soapstone, is a soft tough greenish to grey 
rock composed largely of the mineral talc. 

Pot^tone. ., ni- • i • i' 

It usually contains varying proportions ot 
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mica, chlorite, serpentine, amphibole and pyroxene and the 
amount of the accessories or impurities determine the quality 
of the stone. 

The fine, light coloured and comparatively pure soap- 
stone which is used for gas-burners, production of talc powder, 
etc, has not been found in Mysore. The coarser textured 
greenish material is used locally for the manufacture of pots, 
pans and other fire-resisting utensils, but the most extensive 
use is as an ornamental building stone where intricate and 
delieate carving is required. Other uses are as electric switch- 
boards and insulators and in the form of fine powder for cotton 
sizing, paper filling, lubricant, etc., but the suitability of the 
Mysore materials for these purposes has not been ascertained 
and the greater number of samples would appear to contain 
too much gritty material. 

Varieties of pots tone are widely distributed chiefly in the 
region between Arsikcrc and Hassan. 

In the Shimoga District it is found : — 

Near Saulonga, Kudli and Hoskoppa in the Honnali 

Taluk. 
Near Kavaledurga in the TirthahaHi Taluk and near 
Bcnkipur. 
In the Cbitaldrug District near Lokadalalu and Audanur 

in the Holalkcre Taluk. 
In the TumkiiL District on a ridge close to Kadehalli, 
Turuvekere Taluk. Less altered parts of this are a 
rather hard rock (amphibolite) which takes a fine black 
polish and has been largely used in the Palace at My- 
sore and at Tippu Sultan's Tomb, Keringapatam. 
In the Mysore District — near (Jhattanhalli, Tahir and 
Kadakola in the Mysore Taluk — at M an h alii in the 
Heggaddevankote Taluk and at numerous other 
places of minor importance. 
No deposits of what can be properly called fire clay are 
known to exist, but some of the decomposed 

Fire Clay. . r . 

pegmatites, granites and gneisses — -which 

M.R.M. L 
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now consist largely of quartz and kaolin— and some of 
the move or less impure masses of kaolin and lithomarge 
would no doubt yield fire bricks of fairly refractory quality. 
Bricks of this character have been made at the City Brick and 
Tile Works, Bangalore, from decomposed pegmatite veins in 
the gneiss near Golhalli. This decomposed material contains 
about 30% of kaolin the remainder being quartz and sundry 
impurities. If care is taken to select material fairly free from 
iron, a good firm fire brick can be obtained by the addition of 
a small proportion of more plastic clay. In many parts of the 
State, materials of this character can be obtained from which 
local demands could be supplied. The material is not 
sufficiently valuable to stand long transport, but several small 
brick and tile works are in existence or projected arid in most 
cases it should be possible to obtain some kaolinic or lifcho- 
raargic material within a reasonable distance of the work. 
Local demands are not likely to be large and any export to 
surrounding areas would depend on the quality of brick which 
can be produced — a matter which requires further practical 
investigation. A number of localities in which various grades 
of kaolinic material have been noted will be found in the 
section on kaolin. 
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(c) Mineral Pigments. 

OCHBES, OXIDES, AND COLOURED CLAYS. 

The ochres are composed largely of hydrated oxides of 
iron mixed with more or less clayey or gritty material. They 
may occur as fine sediments deposited by water or as the 
residual products of schists, iron ores or limestones which have 
been subjected to long continued weathering and chemical 
alteration. 

In colour they present various shades of yellow, brown 
and red and usually require to be ground finely or crushed and 
levigated with water so as to produce an extremely fine textur- 
ed material of uniform colour which can be used for colour 
washes, distempers or oil paints. 

Ochres of sorts occur in many places in Mysore more 
particularly among the iron ores, manganese ores and lime- 
stones of the Chitaldrug Schists. 

ltecently some prospecting licenses have been taken out 
in the neighbourhood of Ghik Ki Had hall i and Kenkere and 
some large samples have been taken out for experimental 
treatment with a view to testing the markets. 

The Mysore ochres though fine in texture, when levigat- 
ed, and of good body are generally dull in colour. Small 
quantities of fairly good yellow and red have been found, but 
they are usually much mixed with other material which would 
render clean extraction difficult and expensive. Large 
quantities of the duller colours can doubtless be obtained — 
chiefly a rather brownish-green yellow, various shades of brown 
or umber and dull brick red or terra cotta. If burnt the 
yellow material yields a pleasing reddish-brown oxide. The 
materials at present under investigation are disadvantageous^ 
situated owing to distance from a railway and a lack of a 

M.R.M. L 2 
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convenient supply of water for washing in both of which re- 
spects improvements might be made if the products were 
found to be marketable. A further difficulty which has to be 
faced is the question of packing. If the material could be sent 
away in the raw state, this difficulty would not arise, but if 
prepared and in a very fine state it is generally required to be 
packed in kegs or easks which would be difficult to procure in 
Mysore and expensive. Possibly double bags might be used. 

Bo far it has not been possible to ascertain very definitely 
the probable market values of the materials and the only way 
to get at this will be to prepare fairly large quantities and 
place them on the market. 

Ram pies have been sent to Bombay and were not very 
favourably reported on. In normal times the prices in Bom- 
bay would seem to run from lis. 2 to lis. 4 per cwt. packed. 
At the present time the prices might be up to B,s. 4 to G, 
but it is doubtful if there would be much demand for dull 
colours. 

Samples sent to England are said to be worth from JJ3 to 
.11% per ton in normal times, but no very strong demand. Even 
at the higher price it is not likely that they could be exported 
at a profit. 

On the other hand there is sonic local demand in Mysore 
both for the dry powder and mixed with oil as paint and the 
local prices are likely to be considerably higher than those 
quoted above. There is also some demand in Madras at prices 
which are stated to vary from Bs. % to lis. 7 per cwt. in nor- 
mal times and up to Rs. L r > at the present time. 

The fact that prices are now high makes a favourable 
opportunity for the experimental production of large samples 
in order to obtain more precise information as to costs and 
market requirements and values and work on these lines is 
being proceeded with by the present licensees. 
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(d) Materials used for Agriculture, Chemical 
Industries and Food. 

Many minerals arc used for the preparation of manures 
and fertilizers and for the preparation of various chemicals used 
in industrial processes. Brief notes on a few of these are given 
below and the list might be largely extended. The notes are 
meant to be suggestive and to show the relative value of vari- 
ous factors which determine whether certain materials can he 
used or manufactured commercially at a profit. The estimates 
o f cos t , etc., a r e o f a v cry ge n e r ; 1 1 c h ar ac t c. r a n d must be v; i r i e d 
to suit specific cases and on many points rough assumptions 
have had to be made owing to lack o\' more precise information- 

Proposals are constantly being put forward lor the estab- 
lishment of small chemical industries based on the j'act that 
some of the raw materials exist in Mysore. It will be seen 
however that the raw materials often form a relativelv unim- 
portant part of the total cost of production and marketing and 
this is more particularly so in the case, of small industries. 
Where the output is small the charges for supervision, interest, 
depreciation, etc., are relatively large. When the output is 
large these overhead charges diminish considerable and small 
advantages or reductions in cost of the raw materials begin to 
make themselves felt. If must not be forgotten also that 
many of the materials used in the production of chemicals 
and chemical products are themselves bye-products of other, 
industries and that in the absence of any supply of, or demand 
for, bye-products work could not be carried on profitably how- 
ever feasible it might be from a technical point of view, 

Iron Pyrites is a yellow mineral of the composition Fc S 2 - 
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containing 4G'(5% of iron and 53' 4% of sulphur, and is widely 
distributed in the rocks of Mysore in grains and d'ystals. 
The quantities present are usually very small, but in some of 
the cliloritic and talcose schists of Chitaldrug and Shimoga 
and in some of the auriferous veins and lodes the proportion 
of pyrites present rises to noticeable amounts which may 
vary from 5% to 20% of the rock. Nothing in the shape of a 
high grade deposit containing f>0% or more of pyrites has 
been found and, from a commercial point of view, the mine- 
ral would not deserve notice here were it not for the sugges- 
tions which have been so frequently put forward that Mysore 
contains valuable deposits which might he used for the local 
manufacture of sulphuric acid. 

Amongst the most noticeable deposits which have been 
found are some bands or zones of veined schist amongst the 
old workings at Honnehatti and the quartzose ore of the 
Jalagargundi Mine. These have been described in the sec- 
tion on gold (pp. 48 and 50). In the former the zones carrying 
pyrites arc small and very patchy and the mineral is mixed 
with copper pyrites and blende. Tn the case of Jalagargundi 
there is a wide lode richly studded vviih variable amounts of 
clean iron pyrites and for the sake of illustration a test was 
made with a picked sample of the richer portions. The 
sample was crushed and concentrated and the pyritie concen- 
trate was found to amount to 20% of the rock and to contain 
46% of sulphur. These richer portions could not be mined 
separately and the average contents of the lode would pro- 
bably lie between 5% and 10% of pyrites. 

For the sake of example we may take the favourable 
view that a considerable amount of material containing 10% 
of pyrites could be mined at reasonable cost. As the output 
would be small, it would be a low estimate to put the cost of 
mining, crushing and concentrating the rock at Rs. 10 per ton 
and, as 10 tons of rock would be required for 1 ton of pyrites, 
the pyrites would cost Us, 100 per ton at the mine. 

We may now consider how much a sulphuric acid works 
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could afford to pay for pyrites. It should be possible to de- 
liver Spanish Pyrites at a works in Mysore for some Us. 50 
to 60 per ton and to deliver Sicilian Sulphur at lis. 100 per 
ton or less and Japanese Sulphur at a still lower figure. Of 
these materials sulphur would be more economical than pyrites. 

If therefore we can get sulphur at lis. 100 or less, the 
relative value of the Mysore pyrites (containing 10% of sul- 
phur) would be Rs 4 b per ton or less. As, according to the 
above example, it costs Us. 100 at the mine, the proposition 
is not commercially feasible. Even if we could find an ore 
containing 20% of pyrites, it still would not pay in competi- 
tion with imported sulphur. 

The only hope of being able to use Mysore pyrites would 
be the development of a gold mine in which the pyrites would 
be obtained as a bye-product and could be sold cheaply and 
this is not without the bounds of possibility, though its advent 
is not at present in sight. 

SULPHURIC ACID. 

Cheap sulphuric acid is an extremely important factor in 
many chemical industries and the desirability of manufactur- 
ing it in Mysore has often been discussed and advocated. We 
have shown that local supplies of pyrites are out of the ques- 
tion, at any rate at present, in comparison with imported 
sulphur. 

The problem of producing sulphuric acid in Mysore more 
cheaply than it can be imported depends entirely on the local 
demand for it. The extent of this demand is not very accu- 
rately known, but Bangalore probably imports 100 to 150 tons 
of concentrated acid a year and there may be a small addi- 
tional import to other places, It is probable that the total 
demand does not exceed half a ton per day on the average. 

How far it would be technically feasible to erect and 
work a plant to produce only half a ton a da\ is doubtful and 
the profit to be obtained, if there was a profit, could not 
amount to very much. 
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We may more usefully consider the case of a small unit 
to make 4 to 5 tons a day of concentrated acid. This would 
be capable of turning out about 1,900 tons of chamber acid, 
or 1,200 tons of concentrated acid per year, or partly one and 
partly the other. 

Plant and erection would cost about one lakh, buildings 
and bungalows half a lakh or so and half a lakh for sundries 
and working capital. On this we might allow a depreciation 
of 15% on the plant, 5% on buildings and 5% interest on the 
total. 

Supervision, office, laboratory and labour might be put at 
lis. 3,500 per month of which skilled supervision forms the 
greater part and would be independent of the quantity pro- 
duced within wide limits. 

Materials required per ton of chamber acid would be as 
follows : — 



4$ cwts. sulphur at Rs. 5 


Us. 
22 


a. 
8 


1'- 




3 cwts, coal at He. 1 


3 








Nitric acid and sundries 


9 


8 





Total ... 


35 








For one ton of concentrated acid wc require. — 








1'6 tons chamber acid at lis. 35 


50 








4 cwts. English coke at lis. 40 per ton 


8 








Sundries 


4 








Total , . . 


08 
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Taiile 22. — Approximate estimates of cost of sulphuric acid. 



Chamber acid 



Materials 

Supervision and labour 

Depreciation 

Interest 



Concentrated acid. — 
Materials 

Supervision and labour 
Depreciation 
Interest 







tons 
1 


per 

,ooc 


year 
) 






lis. 


a. 


V- 






H5 












22 












( J 










ton 


5 








Total per 


71 












08 












35 












15 


8 







ton 


8 


8 





Total per 


127 









One anna per lb. is J is. 110 per ton and the above rough 
estimates appear to show that chamber acid could be made 
here for i an anna per lb. and concentrated acid for a little 
over tf anna per lb. 

Concentrated acid can be imported into Bangalore, packed 
in jars, at something between 14 and 2 annas per lb, so that 
for sale or use in Mysore the locally made acid should have a 
fair margin in its favour. The figures depend entirely on the 
quantity, viz., about 1/200 tons per year, and as the present 
demand probably does not exceed 150 tons there is a long way 
to go before these favourable conditions can be realized. 

If the plant worked part time so as to produce only 150 
to 200 tons a year, the cost would go up to about 2 annas a 
lb. or perhaps more. Jf a less costly plant was feasible and 
the staff could be employed on other chemical work for part 
time, the cost might come down to something between 1 and 2 
annas a lb. and the profits, if any, would be small. 
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Further uses for sulphuric acid may be developed and 
if the output rises to several tons per day it can be manufac- 
tured locally more cheaply than it can be imported. The essen- 
tial question in each case will be whether the article to be 
manufactured can stand a charge of even : i anna per lb. for 
sulphuric acid or whether it would not be more cheaply manu- 
factured by transporting the other ingredients or materials to 
Madras or elsewhere where the acid could be made still more 
cheaply in larger quantities. Each case has to be considered 
on its individual merits and the following may be taken as an 
illustration, 

EPSOM SAT/r. 

There is a certain demand for crude Epsom Salt in India 
part of which is satisfied by manufacture in India. Pre-war 
prices have been quoted at Us. H to 4 per cwt. in Bombay 
and up to lis. 6 or 7 in Madras. At present (1910) prices may 
be from Bs. 10 to 13 per cwt. 

It has been suggested that the Mysore magnesite should 
be utilized and some excellent samples of Epsom Salt have been 
prepared in the Chemistry Department of the Indian Institute 
of Science, Bangalore. 

The commercial aspect may be roughly summarized as 
follows: — 

Epsom Salt (MgSO a , 7 1LO) contains about 16J per cent 
of magnesia (MgO) and the Mysore magnesite contains about 
45 per cent of magnesia. 

One cwt. of Epsom Salt requires' approximately ; — 
42 lbs. of magnesite. 
47 lbs. sulphuric acid. 
The cost of these materials in Bangalore may be put at : — 
42 lbs. magnesite at lis. 15 per ton = 4i annas. 
47 lbs. sulphuric acid at 1^ to 2 as. per lb. = Bs. 4-4-0 
to Bs. 6. 
The raw materials amount therefore to from Bs. 4-8-0 
to Bs. 0-4-0 per cwt. of Salt and the latter figure or higher 
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would apply at the present time. These figures more or less 
correspond to the quoted sale values in normal times and leave 
little or nothing for costs of manufacture, transport and 
profit. 

Another useful way to consider the matter is to compare 
the effect of taking the magnesite to Bombay or Madras and 
doing the work there. This would add some 4 to 1*2 annas to 
the cost of the magnesite, but the sulphuric acid would pro- 
bably be reduced to J or ^ anna per lb. and the total cost of 
raw materials would be 2 or 8 rupees less per cwt. of Salt than 
in Mysore and competition seems out of the question. 

It has been suggested that makers of aerated waters 
might use magnesite instead of sodium carbonate, with sul- 
phuric acid, for producing carbonic acid and sell the resulting 
Epsom Salt as a bye-product. They may be prepared to con- 
sider this, as the value of the Epsom Salt would largely pay 
for the sulphuric acid while the increased cost of manufacture 
would be offset by the saving in cost of magnesite as compared 
with sodium carbonate. 

If local demand and production of sulphuric acid can be 
developed so as to bring its cost down to about ?t an anna per 
lb., the position would be materially altered, 

LIMK. 

Lime is said to be required by many of the Mysore soils 
and a note on the prospects of obtaining crushed limestone 
or burnt lime for agricultural purposes will be found in the 
Section on Limestone, (pp. 177 and 181.) 

The mineral Apatite, which is a phosphate of lime, is 
much sought after as a source of superphosphate for agricul- 
tural use for which purpose it is collected and treated with 
sulphuric acid which decomposes it into gypsum and calcium 
superphosphate. It occurs as an accessory mineral in many 
rocks, but no commercially valuable occurrence has been located 
in Mysore. About 5 miles east of Channarayapatna, Hassan 
District, a small vein, about 9 inches thick, of the mineral was 
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found man}' years ago, but the quantity was insignificant and 
no further supplies have been found. 

Large quantities o£ lime arc now being used in America 
and Europe for the production of calcium carbide and calcium 
cyanamide. The latter, which in its commercial form is called 
" mtrolim " or " lime-nitrogen ", is used directly as a fertilizer 
and might prove of considerable use in Mysore where the 
soil is deficient in lime. Dr, Coleman, Director of Agriculture, 
and Mr. H. V. Krishnayya, Chemist to the Departments of 
Geology and Agriculture, have been making enquiries and ex- 
periments on this point and the possibility of obtaining the 
materials and making the cyanamide in Mysore has been re- 
ferred to this Department for opinion. 

The following note has been prepared on the scanty in- 
formation available here and further enquiries are being made. 

Calcium Cyanamide. 

I* 1 or many years the world has been supplied with enormous 
quantities of sodium nitrate from the celebrated deposits in 
Chile. This material is valued mainly on account of its nitrogen 
and is used largely as a fertilizer as well as for the production 
of nitric acid and ammonia. It is recognised that the deposits 
are by no means inexhaustible and that with the increasing 
demand for fertilizers for agricultural pur poses the supply of 
nitrogen from this source cannot be expected to last for many 
years. Much attention has therefore been paid to the artificial 
production of compounds containing nitrogen in a form sui- 
table for agricultural purposes and of these the principal source, 
which is an increasing one, is the utilization of the ammonia 
which is produced as a bye-product dining the distillation of 
coal for the production of gas and coke. The ammonia is 
converted by the aid of cheap sulphuric acid to ammonium 
sulphate in which form it is used as a fertilizer. 

In recent years numerous, more or less successful, attempts 
have been made to extract nitrogen from 

Fixation of atmosphere 

nitrogen. the atmosphere in which it exists in 
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practically unlimited quantities, and to fix it in combination with 
other. elements in a form suitable for distribution and use as 
a fertilizer. Two main types of processes are employed, W,r. :— 

(1) The direct combustion of the nitrogen and oxygen 
of the atmosphere in the electric arc which results in the 
formation of various oxides of nitrogen which arc converted 
subsequently into nitric acid ; and 

(2) The combination of the nitrogen of the air with 
metals or carbides of which one of the most important products 
is Calcium Cyanamidc. 

Of the first group or arc processes it is not necessary to 
say anything here. The efficiency of these processes is stated 
to be very low and relatively large amounts of very cheap elec- 
tric! power are required. Under present conditions it would 
seem that they can he conducted mi a commercial basis only 
in places such as Norway where abnormally cheap power can be 
obtained in large quantity. The. comparatively high rates 
obtainable in Mysore, even under the most favourable condi- 
tions, would seem to create an insuperable bar to the adoption 
of any such processes here. 

In the case of the cyanamidc process the amount of power 
required is very much less, per unit of nitrogen combined, 
than in the arc processes and a higher rate for power is permis- 
sible. It may be worth while therefore to discuss briefly the 
general features of this process under conditions which may 
he expected to obtain in Mysore. 

The process may be outlined as follows, but the reactions 
are by no means as simple as the equa- 

Carbide. , -. . 

turns gjven would seem to suggest. A mix- 
ture of burnt lime and coke is heated in electric furnaces with 
the production of Calcinw Carbide. 

CaO + :KJ = CaC, + CO 
(lime) (carbon) (carbide) 

The carbide is very finely ground — an operation which is 
attended with considerable risk of explo- 

Cyanamide, 

sion— and is brought into contact with 
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nitrogen obtained from liquid air. The reaction takes place 
in small retorts and the product is Calcium Cyanamide, or 
"nitrolim" as it is sometimes called. The reaction may be 
outlined thus : — 

CaC 2 + 2N = CaCN a + C 

(cyanamide) (graphite) 

A number of other reactions take place and the commercial 
cyanamide or nitrolim is said to contain 57 to 63 per cent cyana- 
mide; 14 per cent graphite; 20 per cent lime and 7 to 8 per cent 
silica and oxides of iron and aluminium. The total nitrogen 
content is 20 to 22 percent. 

The Cyanamide is ground and treated in various ways 
and placed on the market as a fertilizer. 

Ammonia can be produced at a small additional cost, by 
subjecting wet Cyanamide to heat and 

Ammonia. J ^ J 

pressure thus: — 
CaCN 2 + 3H 2 = 2NH 3 + CaCO a 

(ammonia) 
Cyanamide for fertilizing purposes is quoted in Madras 
at about Rs. 180 per ton and we may 
now consider, with such general infor- 
mation as we have at our disposal, whether there is any 
prospect of commercial production in Mysore and the main 
controlling factors and points on which further information 
is required. 

It is stated that very high grade carbide is required and 
this means the use of high grade lime 

Raw Materials, , , . -. 

and coke. As pointed out m another 
section, we know of no high grade limestone in Mysore 
and it is not known whether the lime which we could 
produce — containing about 85 per cent of CaO — could be 
economically used or whether the resulting carbide would 
nitrify satisfactorily. It would, at any rate, be less economical 
than a purer material and the final cost per unit of nitrogen 
fixed would rise accordingly. The next point is the supply of 
carbon. We have no coal or coke in Mysore and Indian coke 
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would be expensive and impure. On the other hand we have 
charcoal, the purity of which is very high, but it is not known 
if it could be used for making carbide. We believe that 
charcoal has not been used hitherto, but it is probable that a 
suitable process and furnace could be devised. 

The most important factor of cost is that of electric 
power and it is stated that Cyanamide 

Power required. - t? iu i.i 

cannot compete in Europe with other 
nitrogen fertilizers if the power costs more than ,1'H per H. P. 
year. In Mysore power costs about £10 per H. P. year, but 
it is possible that in future some surplus power may be 
available at much cheaper rates in the neighbourhood of 
the generating stations. We understand that about ;/ of a 
H. P. year is required for the production of a ton of carbide 
and a total of about J a H. P, year, 01 H,2G7 K. W. hours, for 
a ton of Cyanamide. For the purpose of a rough estimate we 
assume that about if of a ton of lime and J a ton of charcoal 
will be required per ton of Cyanamide. 

Materials and power would be as follows:— 

Es. 
3,267 K. W. hours at 0'2 annas per unit ... 4J 
electrodes ... ... ... 10 

3 ton of lime at Ks. 21 ... ... 14 

i ton of charcoal at Es. 25 ... ... 12 5 



Total ... 77' 



If power was available at O'l anna per unit this total 
would reduce to Fs. 57 and these figures show clearly the 
supreme importance of the power charges. 

A plant to produce 10,000 tons a year would require 
5,000 H. F. and though we have little 

Cost of Production, r , . , 

information to go on we may assume 
some figures for other essential items and frame the following 
tentative estimate. 
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Table 23. — -Bough estimate of cost per ton of Cyanamide. 



Power 

Materials ... 

Labour 

Supervision and Management 

Interest and depreciation 

Repairs, sundries, etc. ... 



Total 



Rs. 
20'5 to 41 
86-5 
20 

5 
15 
10 


107tol27'5 



If the value of imported Cyanamide remains at anything 
like Rs. J BO a ton it looks as if there might be some chance 
for a local production if the cost of power can be kept within 
the limits indicated. We must remember however that 
owing to the impurities in the limestone the resulting product 
will be lower in nitrogen and less valuable than the imported 
article, perhaps 20 to 25 per cent lower, and that we have still 
to find out whether it is possible to make a saleable product 
at all with the materials at our disposal. The subject is at 
any rate worth attention and even if our lime should prove 
quite unsuitable for this purpose the cost of lime is such a 
small item that it might he possible and even advantageous to 
import a high class lime for the purpose. 



EAUTII SALT AND EARTH SODA. 

An impure salt is prepared in many parts of the State 
from the saline alluvium and soils 
which are found along water courses 
and in tank beds, chiefly in the gneissic country. These saline 
materials occur in many parts of the State and chiefly along 
the course of the Vedavati river and its tributaries in the 
Chitaldrug and Tumkur Districts and along the Mugur river 
in the Gundlupet Taluk of the Mysore District. 
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The salt earth is collected chiefly during the dry months 
of the year between January and April and is lixiviated with 
water in wooden tubs or vats. The brine is run off into shal- 
low pans in which the salt crystallizes out as the water is 
evaporated by the sun. 

The salt finds a local market and is usually {airly impure 
containing variable amounts of soda, lime, magnesia and clay 
or sand. The production is variable and usually small and 
probably does not exceed a few hundred tons in a year. The 
price varies according to quality from about lis. 2 to lis. 11) 
per cwt., the average being about Es. 8 or 4. 

In some places there is a saline efflorescence which is dis- 
tinctly alkaline owing to the presence, 
of sodium carbonate. The principal 
localities arc in the neighbourhood of Mandya and in the 
Taluks of Hosdurga, Hiriyur and Challakero. The best 
material occurs as a thin white efflorescence which appears 
on low lying ground which has been saturated or water-logged 
during the rainy season. The surface layer carrying the 
efflorescence is scraped off during the months of January 
and February and may contain from 5 to 1*2 per cent of 
sodium carbonate with varying amounts of sodium chloride, 
the remainder being sand. This material is known as 
dliohifs earth and is used for washing clothes. Some years 
ago this earth used to be lixiviated with water and the solution 
evaporated in shallow pans made of clay or eh u nam smoothed 
over with cow-dung. Successive solutions were poured into 
the pan and evaporated until a cake, about J an inch thick, 
was formed. This was then broken up and sold as soda cake. 
For some years past the production of soda cake in Mysore 
has been abandoned, but considerable quantities are imported 
from the Anantapur District. A sample of this cake {Vide 
Table 24, No. 1) gave about 40 per cent of sodium carbonate 
and 20 per cent of salt and is fairly impure. 

The cake is said to be worth Ks. 2-2-0 to 2-4-0 per cwt. 
at Penukonda and Es. 4-0-0 to 4-8-0 in Bangalore. Tho 

M.K.M, M 
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increase in price for Bangalore seems very high even allowing 
for packing and transport and it is difficult to understand why 
it should command such a high price when good imported 
soda ash can be obtained for about Ks. 5 per cwt. 

A number of samples of the earth have been collected 
departmentally from the Mandya area and these are being 
experimented with in the Chemistry Department of the In- 
dian Institute of Science. A number of analyses kindly 
furnished by the Institute are given in Table '2-1 and the 
following information about them may be of interest. 

Numbers 2 and H were collected from small areas in the 
month of December and represents the fresh incrustation after 
the previous rains. In collecting it some sand is necessarily 
taken, up and samples show from bj to 12 per cent of sodium 
carbonate (Na, 2 00j) with remarkably little salt (Nad). This 
result was interesting and encouraging and further samples 
were obtained from a much wider area, during March, most of 
which have not been dealt with yet. 

Numbers 4 to 7 form a series from one place by taking 
off successive layers of material. It will be seen that the 
bulk of the soda is in the top layer, one inch thick, and that 
there is considerable concentration in the topmost crust which 
averages about £fch of an inch in thickness. 

It is noteworthy that the relative proportion of salt has 
greatly increased in comparison with samples 2 and 8. The 
significance of this has not been determined, but it is stated 
that the top soda-bearing layer had already been removed 
once, earlier in the year, and that there is a tendency for the 
subsequently formed incrustation or efflorescence to contain 
relatively more salt. In fact there are a number of salt pans 
in the area and the earth or sand is used for production of salt 
after the top layer has been removed for use as earth-soda. 

Sample No. 8 represents about 2 tons of surface scrapings 
collected during March. It is possible that had the samples 
been collected earlier in the season the proportion o( salt 
would have been lower, 
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There is evidently room for much further enquiry as to the 
conditions of occurrence and the composition. In the mean- 
time advantage will be taken of the facilities afforded by the 
Institute of Science to have a bulk test made of the product 
obtainable from No. 8. 

It has not been possible to obtain any reliable information 
as to the amount of alkaline earth annually available. In a 
few places from 100 to 200 cart loads are said to be removed per 
annum and altogether the Mandya area might yield one or 
two hundred tons of the earth a year. If we take an average 
recovery of J5 per cent of sodium carbonate the latter would 
amount to some 5 to 10 tons. This is at present a mere 
guess, but it is hoped to get further information. The chief 
difficulty to be faced will be the proper collection of material 
and the expense of carting small lots from a radius of several 
miles and we cannot say at present whether these will prove 
prohibitive features. 
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III. materials Tor Construction, etc. 

LIME KANKAIt. 

Lime kankar is a concretionary form of carbonate of lime 
(CaC0 3 ) and occurs in the form of irregular nodules or nodular 
veins on the weathered surface of gneiss or schist and in joints 
and fissures to a depth of several feet. As a rule, it is not 
associated with limestone, but a case has been reported from 
Voblapur where the surface of a limestone bed lias been con- 
verted into a sort of porous kankar. Ordinarily it appears to 
owe its origin to the weathering of gneiss or schistose traps 
whereby the lime silicates are broken up and the lime taken 
into solution by carbonated waters from which the carbonate 
of lime separates out at or near surface in nodular concre- 
tionary forms. As might be expected the kankar is usually 
impure and contains included sand and gravel. When exca- 
vated and picked out in large quantities the quality of the 
kankar depends very much on the care with which the nodules 
are sorted from decomposed rock and soil and the grade of the 
material is very variable and usually much below that of care- 
fully selected samples. 

The material is very widely distributed and may be 
found in most taluks where it is collected and burnt in small 
pot kilns and used locally for whitewashing, mortar, etc* 
Various analyses are given in Table 25 and referred to below 
by their serial numbers. In some places large quantities have 
been obtained and exported. Of these some of the principal 
are in the Mandya Taluk. From Sindlagiri (No. 1) it is 
reported that 50 or GO waggons used to be railed to Bangalore 
every month and also considerable quantities from the banks 
of the Hebhalla. The kankar was mostly of poor quality and 
the supply of good material now available is said to be small and 
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much of the kankar used in bangalore is said to he obtained from 
the Ralcm "J district (Nos. 2 and 8). Small quantities of super- 
ior kankar are obtained from Mardevanhalli and Malchakanhalli 
in the Mandya Taluk (Nos, 4 and 5) and are used for chunam. 
Other places where fairly large quantities are obtained are 
Jlonnali, Birur, Hiriyur, FIolc-Narsipur and various parts of 
the Hunsur and Gundlupet Taluks. A large deposit was 
found close to the site of the Marikanave dam from which the 
whole of the lime required for the dam was obtained (No. b") 
and at the present time large quantities arc being obtained 
within a radius of 12 miles from the K arm am bad i dam and 
used in its construction (Nos. 7 to 12). The analyses given 
in Table 25 show that the material is very variable in com- 
position and it is improbable that the burnt kankar will contain 
more than about (if) per cent df lime (GaG) on the average and 
in many cases much less. No. 13 is an analysis ol' burnt 
kankar from Birur. The clayey and sandy impurities are not 
altogether useless as they serve to impart a certain amount of 
hydraulicity to the lime, but they increase the collection and 
burning charges per unit of lime. The chief defect of kankar 
is its great variability and though this may not be of much 
moment in mortar or surki-mortar used for ordinary building 
purposes it would be very detrimental for high class structural 
work, ferro-concrete or the production of a cement of any- 
standard quahf) . 

The cost of lime burnt from kankar depends very largely 
on the cost of collecting and sorting the 

Cost of burnt lime. ^^^ ^ ^ ^ ()[ ^ rp,^ ^ 

gives the cost of kankar at various points. 

The cost of casuarina charcoal at .Bangalore is lis. '60 per ton. 

The cost of ordinary charcoal at Kannambadi is Ks. HO 
per ton. 

The cost of ordinary charcoal at Marikanave is Ks. 15-5 
per ton. 

The cost of ordinary charcoal chips and cowdung at 
Birur is about Ks. 20 per ton. 
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Table 26. — Cost of kankar per ton. 



Locality of deposit 


Cost delivered 

at Hallway 

Station 


Loading and 
rail oh&rgfis 
to Bangalore 


Unloading 

and carting 

to kilns 


Total 




Rs. a, p, 


Rn. a. p. 


Rs. a. p. 


lis. a, p. 


Maddur 


I la 'J 


1 12 


1 


4 2 8 


Mandya 


110 b 


2 1 4 


4 


4 5 4 


Momppur and Samal- 
patti (Salem). 


1 4 


2 a 5 


2 


4 7 


Marikanave 








1 1 G 


Kannambadi 
Birur 








2 a 

to 

a o o 

4 



Table 27 gives the approximate costs of burnt lime per 
ton, but reliable figures arc difficult to obtain. 

Table 27. — Cost of burnt lime, per ton. 





Ban gal 


ore 


Marikanave 


Kan nam- 
bad! 


Birur 




Quantity 


Coal 


Cost 
Us. a. p. 


Coat 


Cast 




Tout*, cwtb 


Rs. a, p. 


JL\k. a . p . 


R g. a. p. 


Kankar 


1 10 


6 1 fi 


1 7 


a 14 


& 


Fuel 


*} 


r, 10 o 


H 12 


9 4 


5 


Charges for 

burning, 





1 10 7 


1 5 


1 6 


1 14 


Upkeep of kiln 




G 8 








Total 




18 15 9 


6 8 


14 6 6 


11 14 



These figures are given for the purpose of discussing in 
the next section whether it is possible to replace any of this 
material by lime burnt from limestone. For local use and in 
special cases where kankar and fuel arc available close at hand 
as at Marikanave it is not likely to be possible to furnish an 



equally cheap substitute. In other cases it will be largely a 
question of the extent of the demand and the. suitability of the 
product i'or the purpose required. It must be remembered 
that the lime burnt from kankar is very variable and contains 
a large proportion of impurity and that for many purposes it 
would be advantageous to pay somewhat more for a uniform 
material richer in quick-lime. 

LIMESTONE. 

A large number of bands of limestone have been located 
the distribution of which is .shown on the 

Distribution. .... 

map ami tire composition ol various speci- 
mens and samples is given in Tables 28 and 20. In referring 
to these the serial number of the analysis will be given in brac- 
kets. Starting from the north there are some bands running li 
and W to the north of H~onnaIi of which we have no analyses. 

To the north of Ku.msi there arc several bands of magne- 
sian limestone which, are much gash°d arid veined with quart/,. 
A large amount could be obtained by sorting and dressing 
which would be low in silica (No. 1), but probably not so low 
on the average as the specimen analysed. Somewhat similar 
material occurs on the north spar of Shankargudda (No. 2). 
Near Bikonhalli, north ol Shimoga, there are large masses 
of very siliceous magnesian limestone (No. 3) and in the 
schists between Channagiri and Tankere there are many out- 
crops of similar material (Nos. 4 to H). In this area flic lime- 
stones are often interbanded with chlorite schist and amongst 
them are comparatively small patches of purer n on -magnesian 
limestone, such as that represented by (No. U). 

From here we may pass cast to the western side of the 
Chitaldrug schist belt in which a very extensive series of lime- 
stone bands occur from the neighbourhood of the Marikanave 
lake and continue southwards past Huliyar, Chiknayakanhalli 
and Dodguni. As will be seen from the analyses these bands 
consist of various calcium and magnesian limestones some of 
which are fairly low in silica. 
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Further to the south we get one or two small patches of 
magnesian limestone at Kannambadi (Nob. 1G and 17), a large 
band of magnesian limestone to the west of Chettanhalli (No. 
18) and another 12 miles south of Sargur — all in the Mysore 
District. 

The origin of the limestones is doubtful. It has been 
suggested that many of them are not o! sedimentary origin non- 
aqueous precipitates but due to intense calcification of trap 
and schist (vide Bulletin No. (3). 

The analyses given in Table 28 show the composition of 
various specimens collected during the 

Composition and charac- *- " 

tcr - course of survey work and those in Table 

29 show the composition of larger samples taken in certain 
areas. Broadly speaking these limestones fall into two class- 
es according to whether they contain much or little magnesia. 
The dividing line between these two classes is usually taken 
at 5 per cent of MgO in the burnt lime or from 2£ to 3 per 
cent in the raw limestone. Those with less than these amounts 
are classed as " high-calcium " and those with more as "mag- 
nesian " limes or limestones. In Mysore -by far the larger 
part of the limestone is magnesian with about 15 per cent of 
MgO and varying between JO per cent and 18 per cent and 
these might be classed as Dolomite with variable amounts of 
silica and other impurities. For convenience we will refer to 
them as dolomite and retain the word limestone for rocks 
containing less than about 3 per cent of MgO. From the 
analysis it will be seen that the two classes are fairly sharply 
separated and that varieties with intermediate amounts of 
MgO have not been found so far. 

Unfortunately the two classes of rock do not appear to 
occur in well defined beds and do not present much difference 
in aspect with the result that chemical analysis is usually 
necessary to distinguish them. 

In the Voblapur area, where a large number of samples 
have been collected, the two varieties occur in somewhat irre- 
gular zones or patches of considerable extent and it should be 
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possible to obtain large quantities of either variety at will. 
The limestone of this area is represented by analyses 23 to 28 
containing an average of about ,00 per cent CaO and 7 percent 
insoluble residue. Of the latter about o per cent is SiO.?. 

The dolomite is represented by analyses 29 to 32 and the 
greater part of it contains less than 2 per cent insoluble resi- 
due, about 4u per cent of CaO + JVlgO and iS per cent KegOa-f- 
Alo0 3 and should be very suitable as a furnace flux, In the 
southern extension of this area near J)odguni the varieties are 
more mixed and often siliceous and the high-calcium lime- 
stones, as represented by analyses I'd and 34, are m compara- 
tively small patches the mining of which would be possible 
only for moderate quantities of high class material for special 
purposes. 

The material from the Jluliyar area (ID to 22) does not 
appear to be so good as that from Voblapur. The rock from 
the Ghannagiri-Tarikere schists and from Bikonhalli is most- 
ly very siliceous dolomite (3 to 8). It is mostly fine grained 
with the quartz and silicates intimately distributed through 
tlie mass and some of it might possibly be suitable as a natu- 
ral cement rock. This has not been tested and success seems 
very doubtful owing to variation in composition and to the 
large number of granules and vcinlets of quartz which are 
clearly perceptible under the microscope. 

In many areas the limestones are much mixed with 
shreds of quartz and schist and also veined with quartz and 
the material is practically useless as a source of lime. Some 
of the dolomific bands to the north of Kumsi are much gash- 
ed or veined with quartz, but the veins are of sufficient size 
and dchniteness to permit of being hand picked if it was found 
necessary to use the dolomite as a flux in that area. 

On the whole the materials from the Voblapur area, 
which is within about 12 miles of the railway, appear to be 
the most promising for the production of either limestone or 
dolomite in large quantities. 

So far as tested at present, these materials possess the 
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defect of burning to a brown colour and do not yield a white 
lime. This is immaterial for some purposes such as fluxing-, 
production of surki mortar, cement, etc,, but evidently bars 
their use for finishing purposes, ehunam, whitewash, etc. 
The analyses show that comparatively little iron is present, 
especially in the high-calcium varieties, but it is probable that 
an appreciable quantity of manganese is present which lias 
not been determined. 

USE OF THE UMESTONES. 

Up to the present the limestones and dolomites have not 
been used. All the lime hitherto used lias been made from 
kankar as already explained and it is not difficult to account 
for this preference. Kankar is obtainable almost anywhere 
in the small quantities required for local use. It can be 
picked up on surface or dug out from soft material to a depth 
of a few feet and requires no blasting or breaking and is 
easily burnt in small pot or trough kilns with local fuel. 
Limestone on the other hand is much less widely distributed ; 
it is a hard rock requiring much blasting and breaking and 
unless the quarrying and burning is clone on a considerable 
scale with trained labour the lime would undoubtedly be more 
expensive than that from the local kankar. 

It' the limestones are to be brought into use it will be 
necessary to ascertain that they arc suitable for various pur- 
poses and that a large and steady demand can be secured 
permitting of the erection at some one place of the necessary 
kilns, plant, tram-lines, etc., and the employment of skilled 
supervision and labour. The following notes arc merely sug- 
gestive of the possibilities which require technical investiga- 
tion. There are grounds for thinking that supplies of kankar 
are not as abundant nor as good in quality as they have been 
in the past. Petty local supplies will no doubt be available 
for many years, but the fact that large quantities are now 
imported into Bangalore and the Kolar Gold Field from 
Salem while the supplies from Mandya have correspondingly 



Quarrying. 



177 

diminished seems to point to exhaustion of the better class of 
local material. Again, it is stated that large quantities of 
lime will be required for the second stage of the Kannambadi 
dam and that the supply from the surrounding area is likely 
to prove insufficient and if this is so the kankar will have to 
be obtained from greater distances at an increased price. 
These facts are noted as suggesting that the time may not 
be far distant when we shall be obliged to draw upon our 
limestones for supplies of lime to large centres and large 
works and the desirability of investigating the possibilities 
of doing so. 

The quarrying of bard limestone in small quantities by 
inefficient local labour would probably 
cost Rs. 2 per ton or more. Public 
Works Department contract rates for excavation of granite 
are usually Rs. 2-8-0 to lis. X per cubic yard solid and in 
some cases the rate is slightly under Rs. 2 for larger scale 
work. A cubic yard of solid limestone weighs about 2 tons so 
that the latter rate comes to Ke. I per ton. In a properly 
organized quarry with good benches and no stripping this 
latter figure should be considerably improved upon and it will 
probably be ample to allow Re. 1 per ton for limestone 
broken and delivered at kilns close to the quarry. For 1 ton 
of burnt lime 1^ tons of limestone will be required, or 2 tons 
allowing for loss, defective burning, etc. This means Rs. 2 
for the limestone necessary to make 1 ton of burnt lime. 

The most suitable kiln would probably be a continuous 
shaft kiln using wood fuel in. external 

Burning ^ 

grates. Some coal might be used and 
there is the possibility of a deficiency of wood. Firewood can 
be delivered at Voblapur at Rs. u" per ton, but we will allow 
Rs. 7 to give a wider range. The quantity of wood required 
is not known exactly, but probably A a ton would suffice per 
ton of burnt lime. The railway is about .12 miles from 
Voblapur and a light feeder line would be required on which 
the cost of transport and loading should not exceed Re. 1. 
M.R.M. N 
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We may roughly estimate the cost of the lime delivered on 
the railway as follows : — 

Table 30 — Estimate of cost of burnt lime from limestone. 



2 tons limestone at kilns 

$ ton firewood 

Labour and upkeep of kiln 

Transport and loading on railway 

Total per ton of lime (f. o. i\) 



Es. a. p. 

2 

H 8 

2 

10 



8 8 



In some cases bagging may be necessary and this would 
be extra. 

Comparing this with the cost of Bs. 14 for kankar lime 
at Bangalore or Kannambadi it should be possible to deliver 
the lime at those places for less than what the kankar lime 
costs and for much less when the relative proportions of lime 
(CaO) are taken into account. That burnt from kankar will 
probably average not more than 65% of lime while that from 
the limestone will average about 80% including magnesia. 
One ton of the latter should therefore be worth 1 J tons of the 
former if equally suitable in other respects. Lime sells in 
Bangalore for about Es. 18 per ton and 1£ tons will cost 
Es. 24 and the difference between this figure and the lis. 8-8-0 
obtained above should leave a fair margin of profit after pav- 
ing for supervision, taxes, transport and sale. Whether the 
figures given prove to be very accurate or not the project 
appears to be worth serious investigation. The fact that the 
lime is brown will preclude its use ior several purposes, but for 
ordinary building purposes, preparation of surki mortar, etc., 
there should be a considerable demand amounting to several 
thousand tons a year. For the second stage of the Kannam- 
badi dam some 48,000 tons of kankar will be required and it 
will probably be more difficult and expensive to supply this 
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from kankar obtainable in the neighbourhood than is the case 
at present when the lime costs about Rs. 14 per ton as shown 
above under the head of " Kankar." 

Hydrated lime is lime which has been carefully slaked 
J . . A u and sieved at the works and does not re- 

Hydrated lime. 

quire further slaking by the consumer 
but merely mixing with water. It has; the advantage that it. 
can be stored for a considerable time without much deteriora- 
tion and that the erratic and uncertain slaking usually per- 
formed at the building site is avoided. 

The manufacture of paper pulp at Shimoga is under in- 
vestigation and if it is undertaken there 

Lime for paper pulp. ° 

will be a steady demand for some .4,000 
tons of burnt lime per annum. This would give additional 
work and reduce standing charges. 

In considering further outlets for the products of the 
limestone quarries we mav briefly refer to 

Cement. i 

the production of cements. We have not 
found a natural-cement rock near Yoblapur. Some of the 
siliceous limestones from the Tarikere area might produce a 
natural cement — though we are doubtful about it — }>ut that 
would be of no use for a works at Voblapnr where the object 
should be to concentrate as much quarrying, burning and 
crushing work as possible in order to secure, a sufficient total 
volume of business to bring the standing charges down to 
within reasonable limits. There is not enough demand in 
Mysore in any one line to justify the erection of an economi- 
cal plant and the employment of high class supervision, labour 
and machinery and hence the need for endeavouring to con- 
centrate several lines of work in one place. For this reason 
it would probably be impossible to rim a commercially success- 
ful plant for making natural cement near Tarikere even if the 
rock is found to be suitable and as already stated we do not 
know at present of any likely rock near Yoblapur. 

As regards Portland Cement no doubt the high calcium 
limestones of Voblapur could be used and some experiments 

M.R.M. N 2 
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might be made with the dolomites though, for reasons with 
which we are not acquainted, the presence of more than 3 or 
4 per cent of MgO is invariably barred in a Portland Cement 
specification. In addition to the limestone a suitable clay or 
shale is required and the presence of a suitable supply has not 
been investigated yet. As this Bulletin is meant to be sug- 
gestive we may briefly consider the possibilities, but we hesi- 
tate to say much about such a technical and highly specialized 
process as the production of a high class Portland Cement. 
The consumption in Mysore is small. We have not got 
figures but probably it does not exceed a few 7 hundred tons a 
year and there is little chance for export. No doubt its use 
will increase and we may make a rough estimate for an out- 
put of 5,000 a year for the sake of argument. 

Table 3~l— Estimate of cost of Portland Cement. 



11 tons limestone at Re. 1 

£ 'ton dry clay at Rs. 1-8-0 (?) . . 

Power for grinding raw materials and clinker, 

using coal at Rs, 22 per ton ... 
Powdered coal for rotary kiln 
Labour 

Supplies, repairs, etc. 
Supervision, laboratory, office, etc. 
Depreciation 10% on 2£ lakhs ... 
Interest 5% 
Cost of bags or barrels 

Total per ton packed 



Imported cement costs about Rs. ]0 per barrel or, say, 
Rs. (30 per ton in Bangalore and even assuming that the 
quality of the Mysore cement compared well with that of the 
imported article there is little margin for transport, sales and 
profit. At present the consumption is only a fraction of 5,000 
tops a year and for such smaller amount the costs per ton 
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would go up considerably. On the other hand if the demand 
goes up to any thing like the 5,000 tons on which the estimate 
has been baaed there are various reductions which might be 
suggested. The most important of these is in the power re- 
quired for grinding, etc., for which electricity might he subs- 
tituted for coal. If electric power could he supplied at 5 
anna per unit the cost of power should come down to half or 
less, a saving of G or 7 rupees per ton, and if the work is done 
in conjunction with burning and crushing of limestone for 
other purposes the charges for stall, depreciation, etc., could be 
partly allotted to this other work making a further reduction 
of a few rupees per ton. We might thus expect to reduce 
costs to Us. 34 or U5 per ton as compared with Kn. 00 for the 
imported article and if the cement was good enough to sell at 
Ks. 50 to 60, profitable work should be possible. Cement 
making is a delicate and tricky operation, but we have shown 
reasonable grounds for a further investigation by experts. 

In connection with the iron smelting scheme previously 
referred to there would be a demand for 

Limestone for (lux. ^ r\r\r\ i p i ■ 

some 5,000 tons of limestone per annum. 
For this purpose low silica is most essential and as the pre- 
sence of magnesia is not a serious detriment some of the dolo- 
mite from Voblapur could be used, as it is much lower in silica 
than the limestone. It should be possible to deliver the rock 
at Shimoga for about lis. 5 per ton if low freights arc obtain- 
ed, say §th or ^ () th of a pie per maund per mile. 

Many of the soils of Mysore are deficient in lime and it is 
worth while considering whether the 

Crushed limestone- ,. n , , •, i i_i ■ -i r • 

lime needed to make good this deficiency 
can be supplied at a sufficiently low price to prove attractive. 
Dr. Coleman, Director of Agriculture, has furnished us with 
information as to what has been done in this direction else- 
where and has undertaken to have experimental tests made 
with both limestone and dolomite, both burnt and finely ground, 
and for this purpose about 20 tons of rock have been obtained 
and suitably prepared. There is still much difference of opinion 
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as to the relative values of burnt lime and ground limestone 
and also as to the effect of the presence of magnesia, but there 
is a considerable amount of experimental evidence tending 
to show that magnesia is not detrimental and may replace an 
equivalent quantity of lime and further that the raw ground 
limestone is as useful as burnt lime though slower in action. 
A greater weight of the limestone must be used to furnish the 
same quantity of lime — roughly about twice as much — and it is 
still uncertain whether these proportions will afford equivalent 
results. It does not appear necessary for the limestone to be 
very finely ground and it is probably sufficient for it to pass 
through a 12 or 14 mesh in which cast: much of the product 
will be very much finer. The finer portion will be acted upon 
comparatively quickly by the acids in the soil and the coarser 
portions will come into use in the course of a few years. 
Assuming that the crushed limestone proves successful and 
that 2 tons arc required per acre every five years we may con- 
sider the probable demand. Many of the coffee estates require 
lime and some have purchased burnt lime at a cost of lis. 30 
per ton at Birur. If the lime was cheaper much more would 
be used. There arc 100,000 acres of coffee and if owners of 
one-fourth of the area were prepared to pay for lime at the 
rate of 2 tons of limestone per acre every five years we should 
have a demand for 10,000 tons of crushed limestone per year. 
The demand would probably tend to increase, and there might 
be a considerable demand in the case of other high class crops 
also, so that we might expect a demand of 10,000 tons and 
upwards for crushed limestone which would be a considerable 
addition to the lime business and help to reduce standing charges 
in quarrying, crushing, working of tramway, etc. If we allow 
Ke, 1 for quarrying; Ks. 2 for crushing and Bs. 2 for transport 
the cost at Birur would be Es. 5 per ton and its value should 
be several rupees more which would cover other charges, profit, 
etc. It seems probable that 2 tons of the crushed limestone 
would be cheaper than 1 ton of burnt lime and considerably 
cheaper than any form of lime at present obtainable. 
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CONCLUSION. 



We have shown that large quantities of fairly good lime- 
stone and dolomite occur in the neighbourhood of Voblapur in 
the Tumkur District not far from the railway. 

Hitherto no limestone has been used in the State and w r c 
have .suggested various lines and schemes winch if successful 
would create a demand for some '20,000 or more tons of lime- 
stone per annuiii and this with the necessary burning, crush- 
ing and other treatment suggests the possibility of an industry 
on a sufficient scale to pay for the employment of the necessary 
supervision and plant on up-to-date lines and to yield a fair 
margin of profit. The proposition appears, at any rate, to 
warrant expert technical investigation. 

clays. 

Clays may be described as earthy materials which become 
plastic when wetted. They arc formed by the alteration or 
decomposition of rocks and consist of the residual products of 
such decomposition. They are called residual clays when they 
remain in situ on or in the rooks from which they have been 
formed and transported clays when formed by the denudation 
and removal of these decomposition products by water and 
their subsequent deposition in sedimentary or alluvial layers. 
In some cases the deposits may be wind borne. 

The base of most clays consists of hydrous silicates of alu- 
mina of which the most important is the mineral kaolinitc. 
The character of the clay depends on the proportion of other 
ingredients or impurities such as sand, various silicates and 
oxide of iron. There are few, if any, noteworthy deposits of 
clay in Mysore, but common clays suitable for the manufac- 
ture of bricks and sometimes tiles arc widely distributed in 
the flood plains along the river courses and in the numerous 
tank beds situated along shallow valleys. These deposits are 
usually very mixed, layers of plastic clay alternating with la- 
yers of sand and loam, and extensive beds of high grade 
plastic clay are rare. 
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Ordinary bricks can be made almost anywhere and the 
class of product obtained is largely a question of the selection 
and treatment of the clay and the care taken in moulding and 
burning. In most places cheapness is the great consideration 
rather than finish or durability and it is doubtful if the majority 
of bricks now made are as good as those made in former years 
and certainly not as good as the old hand-made bricks to be 
found in old forts and buildings. 

Ordinary hand-made bricks, sun-dried, are sold for 
Bs. 1-8-0 to Bs. 2 per thousand. If burnt, they cost from 
Bs. 4-8-0 to Bs. 5 per thousand. 

Very good pressed bricks can be made at about Bs. 10 
per thousand and the development of this class of work might 
be encouraged. The difficulty is to persuade people to pay 
the extra price for the more durable article when the common 
burnt brick is available and serves the purpose sufficiently well 
for the time. There is a demand for higher class bricks in 
the larger towns and wire cut bricks are supplied by the Banga- 
lore City Brick it Tile Works lov about Bs. J 8 per thousand. 
Clays suitable for tiles are found in many places and are used 
by local workers for the production of flat and pot tiles, chat- 
ties, etc. In recent years there has been an increasing demand 
for tiles of the "Mangalorc " pattern which require a good 
deal more skill and plant for their manufacture and in which 
a large and steady output would appear to be one cf the chief 
factors for success. Works for making this class of tile have 
been put up at Bangalore, Mysore, Saklespur, Harrihalli, 
Sringeri and Sagar, but with the exception of the first they 
do not appear to have met with much success and are reported 
to require remodelling on more modern lines. A new factory 
is stated to be in course of erection at Tirthahalli in which 
the kilns and plant will be of an up-to-date type and if com- 
mercially successful others may follow. 

KAOLIN. 

Kaolin or China-clay is a name applied to white-burning, 



slightly plastic, clays of a very finely pulverulent texture, which 
are generally considered to be largely composed ol the mineral 
Kaolinite — a hydrous silicate of alumina. 

It is most usually derived from the decomposition of the 
felspars of granites and pegmatites and is found as part of the 
decomposed rock mass in admixture with quart/, mica and 
other silicates which have not been decomposed or removed. 
For this reason, it is necessary to wash the decomposed mass 
so as to separate the very fine kaolin from the coarser mineral 
grains and the term kaolin is usually restricted to the line 
white clay so prepared. More rarely white clays and litho- 
marges are found in beds or masses in a sufficiently fine or 
pure state to be dug out and used for pottery work and these 
are sometimes included in the term kaolin. The decomposi- 
tion of the felspars and the production of kaolin is a wide- 
spread result of weathering in which water and carbonic acid 
play the most important parts. In order that a deposit of 
kaolinized material should be form eel, it is necessary not only 
that the rock should he very highly decomposed but that the 
soft decomposed material should be protected from denudation, 
In Mysore we have cases of highly decomposed pegmatite 
veins containing kaolin and protected from denudation by the 
harder enclosing gneiss or granite and there are many cases 
of such veins or of white bands of the granite or gneiss which 
are highly decomposed and protected by an overlying layer of 
laterite or hard ] ate rite soil. 

The depth to which the kaolinized material may be ex- 
pected to extend is determined by the depth of extreme 
decomposition and will average to some 30 to 50 feet from 
surface. Below this point the rock begins to get harder and 
much of the felspar is undecomposed so that the. amount of 
kaolin obtainable on washing will diminish rapidly and the 
resulting product will probably be less fine and soft. 

In the great kaolin areas of Cornwall in England the 
conditions are very different. There, large masses of white 
decomposed granite are found in which intense decomposition 
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extends downwards for Rome hundreds of feet with the pro- 
duction of exceptionally fine white kaolin throughout the 
mass. These decomposed masses are often of considerable 
lateral extent and individual pits have an area of many acres. 
Many authorities consider that kaolinization in Cornwall is 
due to the action of deep seated igneous vapours and is not 
due primarily to mere surface weathering so that in mode of 
origin as well as in extent and purity the kaolin deposits of 
Cornwall are very different from those of Mysore. 

Kaolini/ed granite and gneiss occurs abundantly in several 
parts of Mysore beneath the laterite caps 
and the stiff laterite soils derived from 
them or from various more or less lateritic materials. These 
masses arc very variable in colour and arc usually yellow, pink 
or red and it is only rarely that bands or veins arc found which 
are sufficiently white to yield anything which could be classed 
as kaolin. The whiter bands and veins so far discovered are 
of small lateral extent and from what lias already been said 
they cannot have any considerable extension in depth. Sonic 
of these might yield from a few hundred to a few thousand 
tons of kaolin, but none of them would appear to be sufficiently 
extensive to justify the erection of an up-to-date washing plant 
or the provision of any special transport facilities to a railway, 
and in most cases they are far removed from existing lines. 

Samples of kaolin have been obtained from the following 
localities and remarks are added as to their characters. 

Mysore District. — On the Melkote hill there are two or 
three small deposits of decomposed gneiss from which sticks 
of kaolin are prepared for making caste-marks. The material 
contains from 10i to J 4 per cent of levigated kaolin which is 
fairly white, but burns buff colour. 

Bangalore District. —At GoJhalli the decomposed gneiss 
in a nulla contains some decomposed pegmatite veins from 
which 25 to 30 per cent of white kaolin can be obtained which 
burns white. The quality is said to be good, but the quantity 
is not large— probably inside of 1,000 tons. Outcropping veins 
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are contaminated with iron, but a good vein, a few feet thick, 
was found at a depth of If) feet. Mining of any considerable 
quantity would be difficult owing to the tendency for pits and 
shafts to close up during the rains. 

Near Hindiganal in the Hoskofce Taluk kaolin occurs in 
decomposed gneiss beneath the latente. Most of it is slightly 
yellow or pink and is not favourably reported on. 

Kadur District.— Samples of fairly white kaolin have 
been obtained from a number of places, but on further exami- 
nation the quantities available were found to be too small to 
be worth further attention. In the following three places 
somewhat larger quantities occur:— 

At Asgod in the Koppa Taluk there is a considerable 
quantity of decomposed gneiss beneath a few feet of soil from 
which possibly a couple of thousand tons of kaolin could be 
extracted. The colour is however distinctly yellowish and 
this will probably debar its use for most purposes. 

At Kokkod in the same taluk a deposit has been found 
which yields about 22 per cent of white kaolin. The quality 
seems fairly good and if wanted it is probable that one or two 
thousand tons might be obtained and possibly more in the 
neighbourhood. 

At Kikri in the Sringen Jaghir a pegmatite vein, about 
12 feet wide and a furlong or more in length, yielded some 
23 per cent of white kaolin which however contains a good 
deal of fine mica which is difficult to separate by levigation 
in tubs. Probably one or two thousand tons could be 
obtained. 

Chitaldrug District —Some occurrences of greyish white 
to purple materials have been noted near Bhimasandra and 
Marikanave, which might be classed as hthomarge, and 
would probably not be valued as kaolin on account of bad 
colour. 

It will be seen that in no case has anything of the 
nature of a large deposit been found which would justify the 
erection of a modern plant or one in which working expenses 
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would be low. Several tons of material have been excavated 
departmentally and levigated in tubs and a number of bags 
of prepared kaolin have been sent to Bombay to ascertain 
values. 

A large amount of English kaolin is used in Bombay for 
cotton sizing and is valued at some lis. 50 per ton in normal 
times. Local supplies of kaolin are now being sold in Bombay 
at this figure, or over, owing to war freights, but it is reported 
that they found a market with difficulty before the war. 

Under these circumstances, it is doubtful if supplies could 
be sent from Mysore to Bombay at a profit in view of their 
distance from a railway and the long railway lead to Bombay. 
Enquiries are being made on these points. 

Some time ago it was suggested that a porcelain factory 
should be started in the State and doubtless our small deposits 
of kaolin would prove useful for some classes of porcelain or 
pottery ware. It must be remembered however that 1'ol' the 
manufacture of such wares many other ingredients are re- 
quired besides kaolin and Mr. Fern of the School of Arts j 
Bombay, has reported that it would not be possible to manu- 
facture white earthenware or soft paste porcelain owing to 
the absence of plastic or ball clays which burn white. He 
states that hard paste porcelain might be made but that highly 
skilled labour is required. A valuable account of the occur- 
rence, mining and preparation of Kaolin will be found in (< A 
handbook to the collection of kaolin, China clay and China 
stone in the Museum of Practical Geology, Jcrmyn St., 
London, S. W. M by J. Allen Howe, B.Sc.., f.g.s. 

FELSPAIt. 

Felspar is used in the pottery industry for the manufac- 
ture of certain varieties of porcelain and for the preparation of 
glazes. So far there has been no demand for it in Mysore 
but, if required, it could be obtained in many places from the 
coarser grained pegmatites in which the crystals are suffici- 
ently large to permit of being hand picked from the associated 
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quartz. Both white and pink felspars occur, most of which 
are soda felspars, but some potash felspars i^orthoclase and 
microcline) have also been noted. Little attention lias been 
paid to the mineral owing to (.he absence of any demand for it. 
A number of samples have been collected from time to 
time and some from the mica pits near Vadesamudra have l>een 
reported to be suitable for glazes and other pottery purposes. 

BUILDING AND OltNAMKNTAL STONES. 

Many parts of the State are well supplied with building 
stones which can be obtained from the surface exposures of 
granite and gneiss many of which are remarkably fresh. 

The gneiss, some of which is highly streaked or banded 
and some of which is a fine uniform grey granite, is usually 
quarried by fire-splitting, whereby successive layers of a few 
inches in thickness are separated from the mass below by the 
action of a fire built on the surface and slowly moved across it. 

The loosened layers arc split into slabs 2 feet wide and 
10 to 15 feet Jong by wedging. The slabs may run up to 
or 8 inches in thickness and thicker blocks are obtained by the 
blasting and wedging of thicker layers separated by natural 
joint planes. 

A number of red granites or grey granites with reddish 
felspars occur in several places and are used locally. Amongst 
these may be mentioned the granites of the C lose pet range, 
the Arsikere and Banavar massifs and that of Charnundi. 

The pots tones of the Hassan and Mysore Districts have 
been largely used in old temples especially where intricate 
carving is required. 

The Turuvekere trap, a dark and rather soft amphibolite 
passing in places into potstonc, has been used in several cases 
for ornamental work and takes a fine black polish. 

A varied series of porphyry and felsite dykes occur in the 
Seringapatam, Mandya and Mysore taluks of which a number 
have been used as ornamental stones in. the new Palace at 
Mysore. 
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A green quartzite or gneiss containing the chromium 
rniCBb fuchsite occurs in several places and has been used some- 
times for inlaid work. The best variety comes from Belvadi 
in the Kadur District. 

The more ornamental stones are, however, rarely used 
owing to their greater cost and difficulty of extraction in com- 
parison with the commoner forms of grey granite and gneiss. 
Suggestions have been put forward from time to time for the 
quarrying and dressing of some of these with a view to export, 
but no practical scheme of a profitable aspect has yet been put 
forward. 

A description of many of the porphyry and felsite dykes 
will be found in the Appendix to Vol. VII of the Records of 
the Department and a large variety of polished samples of the 
principal building stones of the State can be seen in the 
museum of the Department of Mines and Geology, Bangalore, 
and information obtained as to their location, mode of occur- 
rence, etc. 
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IV. Rare minerals. 

A few minerals containing some of the rarer elements 
have been found in Mysore and though they are too scarce to 
be of economic importance they may be referred to briefly, m 
view of the fact that they are often the subject of attention 
and enquiry. 

Monazite occurs sparingly in crystals or grains in certain 
gneisses and pegmatites. The mineral 

Monazite. .. " . 

is yellow to red in colour and is essenti- 
ally a phosphate containing cerium and thorium and other 
rare metals. Its value depends chiefly on the amount of 
thorium present, the oxide of which is used in the preparation 
of incandescent gas mantles. 

In the sands derived from these rocks it may become 
more abundant and where these sands are subjected to the 
sorting action of waves on the sea-shore the degree, of concen- 
tration may become considerable and valuable deposits may be 
formed, such as those discovered in recent years on the Tra- 
vancore coast. 

In Mysore, there has been little concentration and no 
deposits of any value have been found. 

A few handfuls of monazite crystals have been obtained 
from decomposed pegmatite near the 5th mile on the 
Bangalore-KankanhaJli road. The quantity available is 
small and the amount of thoria in the mineral is only 
some 2\% which compares very unfavourably with the 
monazite from Travancore, which is reported to contain from 
G to 10%. 

On the west side of Kolar schists — near the Bowringpet 
Road— Mr. Louis Stromeyer found a number of pieces of a 
quartzose gneiss containing specks of a reddish mineral which 
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on being tested proved to be monazite or some allied mineral. 
No notable quantity of either the rock or mineral has however 
been located. 

Some licenses have been taken out in the Kadur and 
Hassan Districts and a large number of washings made of the 
stream sands some of which were stated to contain thorium, 
No analyses have been furnished, but a large number of the 
concentrates from the sands, which were examined, failed to 
show any appreciable quantity of monazite. 

A large number of river washings have been made from 
time to time by officers of the Department— chiefly in the 
neighbourhood of the charnockitcs of the Mysore District — 
and occasionally a few grains of monazite have been detected, 
but nothing of any particular value. 

A number of small pieces and plates o^ what appears to 
be Samarskite were found associated with 

5amarsklte. , . . -. , 

the monazite in the decomposed pegma- 
tite near Bangalore. 

Crystals and Jumps of col um bite are sometimes found in 

the pegmatites of Mysore especially in 

the mica pits. The mineral is nearly 

black with sub-metallic lustre and is composed of niobate and 

tantalate of iron and manganese. 

Several hundred pounds were collected by licensees from 
pits near Yelwal and Tagadur in the Mysore District and 
reported as tantalite. "The distinction between tantalite and 
columbite depends on the proportion of tantalic acid present 
and a sample from Tagadur was found to contain only 1'14%. 
It therefore belongs to the variety columbite and is of no 
value. 

Crystals of pale-green beryl have been found in a quartz 
vein near the Kempambudi Tank, Ban- 
galore, and some crystals of a yellowish 
colour in a cutting on the road leading to Melkote in a peg- 
matite. In both cases the mineral is much fissured and poor 
in colour and has no value as a gem stone. 
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Graphite, one of the crystallised forms of carbon, though 
not a rare mineral, may be included here 

Graphite. J 

as it occurs only m very limited quanti- 
ties. It has been found in several places but nowhere in 
sufficient abundance to be of commercial value. It occurs 
occasionally in gneiss and particularly in some of the gneisses 
of the Mysore District. Near Bangalore it has been found as 
micaceous looking spangles in a white qnartzite or fine grained 
quartz vein in gneiss. A concentration test of this showed 
about i% of graphite in the rock. It occurs associated with 
some of the auriferous quartz of the Kolar Field in some work- 
ings from Trial shaft, Nnndydrng, on what is supposed to be 
a continuation of the Oriental Lode. In this case the selvage 
edges of the vein and some of the joints or cracks along which 
movement has taken place arc freely coated with graphite. 
To the north of the Kolar Field some fine grained graphite 
schist occurs near the old working at Manighatta and some- 
what similar material has been found in the Chitaldrug 
schists and amongst the chloiitic and homblendie schists on 
the scarp of the Bababudans near Hoskan. In the last instance, 
the schists appears to consist of fine grained chlorite or talc 
with finely divided quartz and iron ore, the whole being pene- 
trated by short lenses and veins of white quartz on the edges 
of which the graphite is somewhat concentrated. As the 
schist was quite black and marked paper readily, an attempt 
was made to separate the graphite which is in the form of 
very fine dust or particles. By levigation an impalpable 
powder was obtained containing practically all the graphite 
which was present to the "extent of (>$%. The amount of 
graphite in the rock as a whole would be about 3%. The 
levigated powder is so fine that it would probably be impossi- 
ble to further concentrate the graphite from it and the 
powder itself does not appear to be of any use or value except 
possibly as a dark pigment. 
Bangalore, 
29th May 1916. 
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Kaklurga conglomerates ; Ijakvalli and Nandi old workings for gold. 

Felsite and Porphyry dykes round Seringapatam witlr a map and 

Appendix. Goology of Hassan and Tumkur Districts with a map. 

Bommanhalli and Nuggihalli Schists. Traverse notes in Srinivas- 

purandKadri Taluks. ' Report on the Geology of Challakere and 

Sira Taluks with map. 

Vol, VII f, 1906-07. 
Part i. —General roport for 1906-07. Short notes of a traverse from 

Banavar to Bhund Ghat. Review of the Geological work in the 
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area south of the Kabbani river, and in the Sorab and Shikarpur 
Taluks. Iron ores near Sivasamudram. 
Part V.— Geology of Sorab and Shikarpur areas with map. Penological 
notes on the iron ore rocks in the neighbourhood of Maddur and 
Malvalli. Geology of Gundlupet and Chamrajnagar Taluks with 
map. 

Vol. IX, 1907-OH. 

Purl i.-- General report for 1907-08. Short notes on Gold mining, Iron 
ores and iron smelting, Manganese and Corundum. Bababudan 
Schists -a review. 

Part ,'. J . — Geology of the Bababudan hills and its neighbourhood, Kadur 
District, with map and Sections. Corundum and mica deposits, 
Sringori. Notes on Bababudanite and Cummingtonite from the 
Mysore State. Mineral resources, Mysore District. Inspection 
notes on prospecting blocks for mangancso and gold in Shimoga, 
Tumkur and Chitaldrug Districts. Chromite and Chrome Iron ore, 
Hassan District. 

Vol, X, 1908-09. 

Part 1. — General report for 1908-09. Geological notes on Bangalore 
gneiss. Malvalli and Bababudan Iron ores and the possibility of 
making use of them in iron smelting. Water resource? of the State. 

Part X. — The Geology of the western portion of Hassan District, Man- 
jarabad, Belur and Hassan Taluks with map and sections. Geologi- 
cal report on sites for a reservoir dam on the Krishna river, Madras 
Presidency, with plan and sections. Notes on observations of wells 
in the Hassan, "Belur and Manjarabad Taluks. Notes on Asbestos, 
Lime Kankar and Corundum. 

Vol, XI, 1909-10. 

Pari 1. — General report for 1909-10. Inspection notes and comments on 
the Mallappanhalli conglomerate, Talvati rock, Jogimaradi trap, G. 
R. formation and Aimangala conglomerates in Chitaldrug District, 
Sequence of rocks in the Chitaldrug Schist belt. The Shimoga 
granite, Kallurkatte gneiss and white mica schists, Shimoga District. 
Traverse notes from Sringori to Gangamula. Note on the relations 
of gneiss, granito and schist at Nelligere, Tumkur District. Batcrite 
in Mysore. The fundamental gneiss of Mysore. 

Part 2~- The Geology of the southern portion of Hassan District, Arkal- 
gud, Hole-Narsipur, Hassan and Arsikcre Taluks with map. Traverse 
notes in the Hosdurga Taluk, with map and sketchos. Koport on 
the water-supply of Chitaldrug, Davangore, Holalkore and Hosdurga 
towns. Field notes on the Kolar Schist Belt. Some building and 
ornamental stones in Mysore. 

Vol. XJL1, 1910-11 and 1911-12. 

Pari V. —General report for 1910-11. Review of mineral production 
during the year. 

General report for 1911-12. Review of mineral production. Resume 
of survey work done during the year. Notes on Economic minerals. 
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Part- 2. — Geology of Holalkere, Daviingere and Ohamiagiri Taluks with 
miip and sections. Geology of 11 10 Kudremukha and Ga-ngumula 
regions, Kadur District, with map and sec Lions. Report on a por- 
tion of the Closopct granite and associated rocks with map. G oology 
of parbs of .Bangalore and Tumkur Districts. Geology of Krishnaraj- 
petc, Yodatoro and Nagamangala Taluks, Mysore L)isLriol f and ol 
Channarayapatna 'Taluk, J f&ssan District. Geological notes in the 
vicinity of Kannamhadi reservoir dam. Inspection notes on pros- 
pecting blocks in the Province. 

Y(u\. Xlll. 19J2-18. 

Part /.—General report For PJPJ-13. 01>ituar> notice of Mr, Ji.K. 
Slater. Inspection notes on mining blocks and on survey work. 
Water-supply and bore hole experiments. Talpargis, Review ol 
mineral production during' the year. 

Part 2. — Prelim inary geological report on the south-west corner ol M\» 
sore District with map and sketches. Talpargis in the Maddagiri 
sub-division with plans and sections. Notes on the geology of Nela- 
mangala and Dodhalla])ur Taluks. Conglomeratic quart/lies now 
Ohikmagalur. Note on the clay deposit a( Tinnahu Bangalore 
Taluk, with plan and sect-ions. Report on the Woolgiri block (N:m 
.iangud Mine) with plan and section, last of Ass;i>s ol Nanitingiid 
samples. Report on the Nanjangud gold mine. 

The price of the JiecunU is Two Itiipfcs j>c/ ]\>(innr. 



RECORDS OF THE DEPARTMENT OF MJNES AND GEOLOGY. 



Vol. XIV, JUlo. 

Pari 7. — Amuial >oporl f'oJ' VJiL Review of mineral production during 
the year. Inspection notes. Short notes on the Sanlaveri trap, 
Kaldurga Conglomerate, opalescent ennui z gneiss, and quart zifces. 
Economic enquiries — lion and steel smelting, Charcoal, Verroman 
ganesc, Magnesite, Iron ores, I limestones, Alluvial gold and clays, 
Water-supply— borehole experiments and Talpargis. (Price One 
Rupee). 

Part 2. — Revision of the geological survey in parts of the Kadur, Shimoga 
and Chan nag iri Taluks with diagrammatic sections. The Schistose 
rocks of the Bababudans with special reference tu the auriferous 
series. Geology of Uie N. K. portion ol the Shimoga District. 
Washings for gold in the Tungahhadra river, with map, Prospect- 
ing for gold in parts of the Shimoga District, will) maps. Notes on 
prospecting for magnesite, copper, mica, kaolin and tile-cinys. (Price 
Two Rupees). 



REPORTS OF THE CHIEF INSPECTOR OF MINES IN MYSORE. 



Containing Statistical Tables relating to Capital, Machinery and Plant, 
Work done and number of Persons employed, Production and Costs, 
Accidents and Mortality. 

A few notos and re port a on items of interost arc mentioned in the fol- 
lowing list. 



Year 1H9H, — Total gold production to date, Treatment of ore. Classifi- 
cation of accidents. 
Year IdUU. — Minor Economic Products, Classification q{ accidents - 

Air-blasts Plague on the Kolai Gold Field. — 

Appendix— Note on the geology of the Kolar Schists and surrounding 
rocks. 
Map of the Kolar Schist Belt- Plate J. 
Map of the Kolar Gold Field— Plate II. 
Year 1900, Labour, wages and costs. Cauvery Falls Power Scheme. 
Year 1901. — Water-supply for the Kolar Field. Keport on the Woolagiri 

and Amble Mining Blocks, Mysore District, with ma]) and sections. 

Keport on the Ajjampur Block, Kadur District, with map and sec- 

tionw. Note on the New Town (Robertsonpet), Kolar Gold Field, 

by F. E. C. Carr, Bsq., Deputy Commissioner. 
Year 190:! to June 190H. — Tetanus on the Kolar Gold Field with statis- 
tics. 

Mine Signalling with diagrams. 

Air-blasts and quakes: general report with sketches. 
Year 1003-04. Working costs in the Kolar Mines. Note on Milling and 

Cyanide Practice on the Kolar Field. Cauvery Power Supply. 

Kolar Mines Power Station. 
Year 1904-06. — General Progress Notes. East Betarayaswamy Block, 

Kolar District. Bellnni Block, Tnmknr District.. 
Year 11105-06. — General Progress Notes. Fire at the Nundydroog Mine. 
Year J 900-07. — Note on the Bollara, J avail h alii and other gold blocks in 

the Tumkur and Ghitaldrug Districts, on the Ilonnehatti, Tambadi- 

balll, Jalagargundi, Nandi, Sakrebail, Devrukal and other gold blocks 

in the Kadur and Shimoga Districts. Reports on the Woolagiri Mine 

and the Hunjankore Block, Mysore District. The Anantapur Gold 

Field. Manganese Prospecting Blocks. Chrome Ores of the Hassan 

and Mysore Districts. 
Year 1907-08. — Reports on Shaws' Block and Ahmed's Block, Kolar 

District. Further Notes on Prospecting Blocks in various districts. 
Year 19Qti-Q9*—F'\re at the Nundydroog Mine. Air-hlast in the New 

Circular Shaft, Champion Beef, with sketch of the Sinking Frame 

and Protective Shield. 
Year 1909-10. — Kolar Mine Power Station. Air-blast, Champion Reef, 

Fracture of winding rope. 
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Year 1 910- 1 1. .—Notes on Air-blasts and Quakes. 

Year 191 J -12. — Report on the Manighatta Block, Kolar District, with 
plans. — 

Pi-ogress in Ore treatment on the Kolar Field. Proposed Seh ernes 

for treatment of tailings and slimes. 
Report on Seismographs for recording air- blasts. 
Year 7.97;?- /o\— Notes on the Siddarhalli, Nandi, Woolftgiri and other 
Gold Mining Blocks. — 

Notes on Holmes', Python, Chattanhalli, RigimaUi, Mirkando, 
Tippur and Shankargudda Manganese Blocks in 1 he Shimogn 
District. 
Year 1918-14 — Progress Notes, Kolar District-. Siddarhalli and abilagar- 
gundi Mines, etc., Kadur District. 

Prospecting work at Kudrikonda, Palavanhalli and llonnali, 

Shimoga District, alluvial washings at Saulanga and on the 

Tungahhadra river, Manganese, Olirome. Magnesite. Iron Ore. 

Mica, Copper, Asbestos and Corundum. Notes on Air-blasts. 

Meteorology and Seismology on the Kolar Mold. 

Report on the Edgar's Shaft Cage Accident, Mysore Mine. 

Year 1014- -Progress notes, Kolar District. Notes on the Kumsi and 

Shankargudda Manganese blocks in the Shimoga District, Chrome, 

Magnesile, Tron Ore, Mica, Asbestos, Corundum, Conpcr, Cohmdato 

and Clay. Meteorology and Seismologv on (he Kolar (iold Field. 



The price nf each Report ?s tiro Jitijxrs. 



Rppmrrs ok titk Oiuk.k i:\SPK.rTni; ok Kxn.nstVKs iv Mvsm; 



Published annually from the year !!)()] onwards, Price- rxjhl annus each. 

The Report for U)0I contains standard plans of Magazines 

and Lightning Protector. 



MEMOIRS OF THE MYSORE GEOLOGICAL DEPARTMENT, 



VOT/FMK I. 

Geological Notes on Traverses through the Mysore State, (with a map). 
By. R. Bruce Foote, F.fi.s., F.M.r., (Prico Three Rupees). 

Vol. II. 

The Dyke Rocks of Mysore, (with plates I bo TV). By E. \V. Wetherell, 
A.n.c.R., i"\(;.s., (Price Three Rupees). 

VOLUME JIT. 

Laterite in Mysore. 

f'iir( /, — The Nature of Lnterite ; The Bangalorc-Kolar Laterite (with a 
map). By Iv \V. Wetherell, AJt.c.s., F.G.S., (Price One Rupee). 



BULLETINS. 



Xn. J. - j^Fine Signalling, 1004, 22 pp., 2 plates. Prico One Rupee, 
By VV. F. Smeeth, U.Sc., A.R.s.M. 

AT). V. — Air-blasts and Quakes on tlie Kolar Gold Field, 1904. 48 pp., 
2 plates. Price One Rupee. 

By W. F. Smeeth, P. So., a.H.s.m. 

No. H.- -The Occurrence of Secondary Augito in the Kolar Schists, 1905. 
84 }>])"., 2 plates. Price One Rupee. 

By VV, F. Smooth, n.Sc, a.h.s.m. 
A'f. */. — Rock Densities in the Neighbourhood of Edgar's Shalt, Mysore 
Mine, Kolar Gold Field, 1908." 10 pp., 3 pis. Price One Rnpoe. 
By \V. F. Smeeth, n.Sc, a.K.s.m. 

,Yu. o.— Notes on the Electric Smelting of Iron and Steel, 1909. 134 pp. 
with a map. Price Two Rupees. 

Hy \\. F. Smeeth, T>.Sl\, A.K.S.M. 

No. 0. — Outline of the Geological History of Mysore, 1916. 2.1 pp. with 
a Geological Map of Southern India. Price One Rupee. 
By W. F. Smeeth, D.fic, A.u.S.M. 

A T o. /'—Mineral Resources of Mysore, 1916. 193 pp. witli a Mineral 
Map of Mysore. Price Three Rupees. 
By W. F. Smeeth, D.Sc, A.li.s.M., and P. Sampat Iyengar, M.A. 

A 7 o. 8. — A Synopsis of the Rules and Orders relating to "The Exploita- 
tion of Minerals in Mysore," 1910. 20 pp. with 50 pages of appen- 
dices. Price One Rupee. 

Compiled hy M. Varadaiya, "B.A., and issued under the 
authority of the Director. 



MISCELLANEOUS PUBLICATIONS. 



Notes on the Geology of the Kolar Schists and Surrounding Rocks with 
2 maps. 

By W. F. Smeeth, M.A., D.sc, (1900). Price One Rupee. 

Notes on Underground Water Resources in Mysore with Statistical 
Tables. 

By W. F. Smeeth, m.a., u.sc, (1911). Price Two Rupees. 

Geological Map of Mysore, Scale 8 miles to an inch. 

Compiled from the Records of the Department under the direction 
of W. F. Smeeth, n.Hc, A.u.s.M., Director, (191;1). Price Throo 
Rupees. 
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